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Multiply To Obta in
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-
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SIJMMARY

With increasing energy costs, energy consumption is assuming a
greater proportion of the annual cost of operating wastewater treatment
facilities of all sizes , and because of this trend, it is likely that

• energy costs will become the predominant factor in the select ion of cost—
effect ive small—flow wastewater treatment systems.

Where suitab le land and groundwater conditions exist , a facultat ive
pond followed by rapid infiltration is the most energy—efficient system
described in this report. Where surface discharge is necessary and
impermeable soils exist, a facultative pond followed by overland flow is
the second most energy—efficient system described. Facultative ponds,
fo llowed by slow or intermittent sand filters, are the third most energy—
efficient systems discussed, and are not limited by local soil or ground-
water conditions.
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INT~~DUCTIO~

Gener al

The concern for energy use at wastewater treatment facilities has
developed well after many of the plans we re made ~~r the ma nagement
of water pollut ion in the United States . This is tru e in military as
well as in civilian installations. With changing standards and technology ,
information on energy requirements for small (0.05 to 5 mgd) wastevater
treatment systems is needed to avoid future errors and to provide infor—

• mation to assis t in designing and planning . Several estimates have been
made for large system., usually in the range of 5 to 100 mgd, but because

• hundreds of small systems are being used by military installations, it is
imperative that information be gathered on energy requirements for waste—
water treatment for small systems.

This report summarizes the energy requirement s for all vi able alter-
natives presently available to military installations for the treatment of

• small flow rates (0.05 — 5 mgd) of wastevater. It compares various
treatment combinat ions, and presents in tabular form the energy require-
ments for the moat viable alternatives. The data can be combined to
produce an estimate of the energy requirements for all currently available
unit operations and processes.

Ot her Studies

Only one comprehens ive stud y of the energy requirements associated
with wastevater treatment has been performed . Weaner et al. (1978)
present ed a detailed analysis of energy requirements by uni t operations
and unit processes employed in wastewater treatment. The results of this
study were present ed in graphical form with accompanying tab les out-
lining the design considerations employed in developing the graphs.
Energy requirements were presented in terms of the design flow rate - :

of the trea tment system in most cases, but when a wide choice of load—
ing rates was applicab le , the gr aphs were presented in terms of sur face
area or the flow rate applied to the component of the system. Portions
of the Weaner et *1. (1978) results are presented in detail in Appendix
A in this report

CuIp (1978) has presented an analysis of alternat ives for future
was tewa ter treatment at South Tahoe , California. This illustrates the
increasing sensitivity of energy costs. When the original advanced waste—

• water treatment system was constructed in the late 1960’s , energy wa s not
cos tly and was not usually a significant factor in concept selection and
design . Table 1 illust rates the energy req u ired for al ternat ives com-
pared with the original design. It is antic ipated that the final product

1
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f Table 1. Energy requirements 7.5 mgd, Lake Tahoe Wastewater Treatment
system (Culp and Culp, 1971; CuIp, 1978).

Total energya
— (electricity and fuel

Alternative expressed as
equivalent 1000

kwh/yr)

Original system complete secondary treatment,
• Awr system, effluent export to Indian Creek 64,500

Reservoir

1978 Alternatives
Continue secondary, nitrification, effluent 39,400

• export to Indian Creek Reservoir

Continue secondary , nitrogen removal (ion 40 244
exchange) effluent export to I .C.R.

• Continue secondary on site, flood irri- 25 000gation land treatment in Carson River Basin

aDoes not include secondary energy requirements for chemical
• manufacture.

f rom the flood irrigation land treatment a l ternat ive  wi l l  be at leas t
equa l in qual i ty  to the ori ginal design e f f l u e n t .

Energy requirements for four wastevater treatment systems , includ-
ing sludge processing, that are capable of achieving secondary effluent
qual i ty  and complete sludge t reatment  and disposal were presented by
Weaner and Burn s (1978) . Estimated energy requirements were presented
for 1) t r ickl ing f i l t e r  wi th  anaerobi c digestion, 2) ac t ivated sludge with
anaerobic di gestion , 3) activated sludge with sludge incineration , and 4)
independent physical—chemical treatment with sludge incineration using 5
and 30 mgd capacities. A comparison of energy requirements for the four
systems treating 30 ingd is shown in Figure 1. The potential for solar
ei~ergy as a me thod of heating the digeete and control building was
discussed . Heat recovery from sewage effluents using heat pumps to heat
digesters and buildings was considered .

Zarnett ( 1976 , 1977 , and undated) has examined the energy require-
ments for water and wastewater treatment plants and has presented the
requirements by unit operations employed. The results were presented
by unit operation to make it convenient to assess any treatment system
on the basis of total energy consumption. By combining various flow
configura t ions , a system capable of produc ing a given effluent quality
can be assembled and the energy requirements compared . Zarnett cautions

2 
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that the data were presented for comparative purposes and should not be
used as absolute values .

Energy requirements for various types of wastevater treatment
plants were presented by Hagan and Roberts (1976). In addition to the
discussion of conventional secondary and tertiary treatment systems,
land treatment systems were cons idered . Tr adeoffs between pollutants
removed from wastewater and pollutants added to the environment by
energy use were discussed . It was point ed out that decreasing returns
are obtained as the leve l of trea tment incr eases, and it is possible
to add more cont amination to the environment by increased energy con-
sumption than is removed from the wastevater. Comparisons of energy
requirements for a 100 mgd capaci ty system emp loying convent ional
secondary , advanced vastewater treatment and land treatment systems
were presented . Energy implications wi th regard to was tewater reuse
were cons idered , and it was shown that in many instances the reuse of
wastewater can conserve energy. The savings are related to the degree
of treatment required before reuse. Table 2 is a summary of total
energy requirements for various vastevater treatment systems assumed by
Hagan and Roberts for direct discharge of the wastewater, employed for
various reuse purposes, and the energy requirements for alternative
sources of fresh water. Their assumptions include unnecessarily stringent
preapp lication trea tment requi rements for the general case of irrigation
reuse. Current EPA guidance on the topic is present ed in the Results and
Discussion section.

Garber et al. (1975) compared biological and physical—chemical
processes to treat wastewater in the Los Angeles area. Biological
processes were found to be more energy efficient and less stressful
on the overall environment. Treatment of the wastewater by phy8ical—
chemical methods required almost five times as much energy as activated
sludge inc lud ing nitnification and phosphorus removal. Solids disposal
by pump ing 90 to 100 miles to the desert to drying beds required 16
times as much energy as the present system of discharging screened
digested solids seven miles at sea. Chemical treatment of the sludge
followed by mechanical devatening and disposal at local landfills
required 35 times as much energy as the current sludge disposal system.

The general problems associated with small wastewater treatment
plants , alternative treatment processes available to small plants , im-
portant design considerations, and an economic comparison of the alter—
natives available were presented by Benjes (1978). Table 3 presents the
estimated annual energy required alternative wastewater treatment pro-
cesses for a range of des ign flows. Tchobanoglous (1974) conducted a
similar analysis and cost factors derived front his work are shown in
Table 4.

Jacobs (1977) discussed various ways to more effect ively utilize
energy at wastewater treatment plants. Use of different types of
pumps , sludge dewatening equipment , plant modifica tion and energy
recovery front digester gas and incineration of sludge were discussed.
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Table 2 , Examples of systems to be considered in evaluating energy a
implications of wastevater reuse (Hagan and Roberts, 1976).

Total
Energy
Required

for 100 mgd
kwh/day

Treatment assumed for discharge
• I. Activated sludge (with chlorination, sludge

digestion and landfill disposal) 93,000
2. Biological—chemical (activated sludge with alum

treatment nitrification/denitrification, sludge
digestion and landfill disposal) 235,000

3. Tertiary (activated sludge, coagulation/filtration,
carbon adsorption, zeolite ion—exchange,
recalcination) 1,137,000

Type of reuse
1. Local irrigation (assume 100—ft head for

conveyance) 57,000
2. Distant irrigation (assume 1,500—ft head for

conveyance) 615,000
3. Industrial (assume 100—ft head) 57,000
4. Unrestricted (assume 500—ft head) 216,000

Treatment assumed prior to reuse
For irrigation reuse:

activated sludge 93,000
biological—chemical 235,000

For industrial reuse:
biological—chemical 235,000
biolc3ical—chemical & desalting 695,000
tertiary 1,137,000
tertiary 6 desalting 1,597,000

For unrestricted reuse:
tertiary 

- 
1,137,000

tertiary 6 desalting 1,597 ,000

Alternative sources of fresh water
I. Local supplies 57,000
2. Imported 938,000
3. Desalted seawater 6,661,000

a
~ ,urtesy of Water and Sewage Works, Chicago, Illinois.
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Table 3. Estimated energy (electricity and fuel) for alternative treat—
ment processes (Benjes , 1978).

Energy (1000 kvh/yr)

a Plant capacity (ntgd)
Pr ocess

0.1 0.5 1.0 2.0

Prefabricated extended aeration 139 — — —
Prefabricated contact stabilization 95 447 886 —

Custom design, extended aeration 197 857 1,901 —

Oxidation ditch 134 647 1,288 2,571
Activated sludge, anaerobic digestion 119 387 764 1,525
Activated sludge, nitrification,

anaerobic digestion 251 650 922 2,576
Trickling filter, anaerobic digestion 31 126 246 485
RBC, anaerobic digestion 65 276 566 1,105
R3C, nitrification, anaerobic digestion 113 496 1,026 2,005

a
Al]. with aerated grit chamber, chlorination and sludge drying beds.

A comparison of energy req uirements and cos ts fo r sludge dewa tering
equipment is shown in Table 5. Energy requirements and costs for
biological treatment systems are presented in Table 6.

Mills and Tchobanoglous (1974) presented detailed methods for
calculating the energy consumption by the unit operations and processes
used in wastewater treatment . Use of the equations and graphs presented
in the paper is illustrated by examples using two alternat ive flow
schemes. Detailed results are presented in tabular form and are easily
compared between processes and systems.

Smith (1973) estimated the electrical power consumption by most
• 

- convent ional and advanced processes used to trea t munic ipal waste—
wate r on a unit processes basis. Elec t rical powe r consump tion for
complete plants was estimated by adding the power consumption for the
individual processes. A comparison of electrical power consumption
by wastewater treatment systems was made with other uses.

Estimates of recoverable energy in digester gases were made by
Weaner and Clarke (1978). A discussion of the variat ion in gas
production with the type sludge was presented .

6
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Table 4. Estimated total annual and unit costs for alternative treatment
- • 

• processes with a design flow of 1.0 mgd (Tchobanoglous , 1974).a

Initial Unit

capital Annual cost, dollarsb cost
Process cost cent.!

9 . b 1000
0 ars Capita iC 0 6 M Total gaib

Imboff tank 380,000 41,720 15,550 57,270 15.7
• Rotating biological disks 800,000 87,832 51,680 145,512 39.9

Trickling filter processes 900,000 98,811 58,480 157 ,29 1 43.1
Activated sludge processes
With external digestion 1,000,000 109,790 74,410 184,200 50.5
With internal digestion 500,000 54,895 48,800 103,695 28.4

Stabilization pond processes 250,000 27,447 23,680 51,127 14.0
Land treatment processes
Slow rate
Basic system 340,000 37,328 41,540 28,859 21.6
With primary treatment 940,000 103,302 81,540 184 ,742 50.6
With activated sludge 1,240,000 136,139 115,950 252,089 69.1
With stabilization pond 590,000 64,775 65,220 129,996 35.6

Rapid infiltration
Basic system 200,000 21,958 25,100 47,058 12.9
With primary treatment 800,000 87,832 65,100 152,932 41.9
With activated sludge 1,000,000 109,790 99,510 209,300 57.3
With stabilization ponds 450,000 49,405 48,780 98,185 26.9

5Courtesy of Public Works Journal Corporation, Ridgewood, New
Jersey.

bR e d  on an ENRCC index of 1900.
CCapital recovery factor — 0.10979 (15 years at 7 

percent).7
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Table 5. Energy comparison of sludge dewatering equipment (Jacobs , 1977) •
a

kw Demand kwh Usage Monthly Annual
Cost/ao. Cost/mo. Cost cost

Belt press filters 40.0 In. 6105 kwh
$112.00 $153.85 $265.85 $3190.20

Vacuum filter 75.5 kw 8750 kwh
$210.00 $220.50 $430.50 $5166.00

Centrifuges 108.0 kw 13,700 kwh
$299.60 $313.05 $612.65 $7351.80

Notes:
1. Based on dewatering 75,000 lb/week of waste activated sludge at 3

percent feed, and approximately 20 percent cake solids concentration.
• 2. Costs based on varying rate schedule.

• acourtesy of Water and Sewage Works, Chicago, Illinois.

Table 6. Energy comparison of biological treatment systemsa~
I
~
c (Jacobs,

1977) .~

Completely Extended Carousel Pureextended Bio-.Djskmixed aeration oxygen
ASe ~gd ,e aer aj ion AS

AS ,e

In. demand 550 540 525 525 425
Coat $ 1,070 $ 1,053 $ 1,053 $ 1,020 $ 800
kwh usage 230,000 236,000 218,000 216,000 188,000
Cost $ 3,423 $ 3,498 $ 3,282 $ 3,247 $ 2,701

Monthly cost $ 4,498 $ 4,542 $ 4,335 $ 4,076 $ 3,501
Annual cost $53,976 $54,504 $52,020 $48,804 $42,012

acomparison based on entire plant ener gy consumption .
blncludes consideration of differences in sludge quantity and

characteristics.
cCosts based on varying rate schedule.

esult in higher effluent quality.
eActivated sludge.

~courtesy of Water and Sewage Works, Chicago, Illinois .
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P~ TH0DS MiD PROCEDURE S

Equation Development

The graphs presented by Weiner et al. (1978) were converted to
lines of best f i t  at the lower desi gn flow rates (0.1 — 5.0 mgd) and
used to calculate the energy requirements for small systems such as
those ployed at military installations. Least—squares fits of the

• linear and curvilinear lines were employed . A power function was used to
fit  the linear lines on the log—log plot s and a polynomial equation was
used to f i t  the curvilinear lines . The forms of the two funct ions are
shown below.

log Y — a + b (log X) + c (log X)2 + d (log X)3

Polynomial function

y — a Power function

Variou s combinat ions of the unit operations and processes were
selected to form the most commonly used vastewater treatme nt systems .
Energy requirement s for each component of the system for various design
flow rates were estimated using the equations of best fit. These results
were tabulated for easy comparison between various types of treatment
systems.

Design Parameters

Design parameters for all of the unit operations and processes
are shown with the energy equations for each operation or process in
Appendix A. Additional detail can be obtained by referring to the
report by Weaner et al (1978). The energy relationships for the conven-
tional and advanced vastewater treatme nt processes are unmodified ,
but it was necessary to modify the land application energy relation-
ships to conform to accepted practice in cold regions. The slow rate
and overland flow application seasons were modified from five months
per year to 250 days per year to more realistically reflect actual
practice. Rapid infiltration application seasons extend over 365 days
per year and not five months per year as shown in the Wesner et al.
(1978) report.

Wastewater Characteristics

Raw wastevater and sludge characteristics used to develop the
energy relationships are presented in Appendixes B and C, respect ively .

9
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Energy Recovery

The potent ial energy available in digester gas was estimated using a
f i gure of 6.5 million Btu/million gallons of wastewater treated . This
value is based upon a mixture of primary and waste act ivated sludge , and
the value will vary with the type of sludge and must be adjusted when
better data are available . However , a value of 6.5 million Etu/million
gal lons of wastewater is sa ti s fac tory  for est imating purposes and wi l l
y ield a conservative estimate for net energy consumption.

Btu available in di gester gas can be converted to electricity ,
• and a conversion factor of 11 ,400 Etu per kwh can be used to estimate

the electricity generated . The conversion factor assumes an electrical
generation efficiency of 30 percent . The gas utilization system also
requires energy and this must be considered when comparing systems .

Secondary Energy

• Secondary energy requirements are the amounts of energy needed
to produce consumable materials used in a wastewater treatment system .
Disinfec tants, coagulants , sludge conditioning chemicals and regeneration
of activated carbon and ion exchange resins require energy in their
production , and this energy must be considered when comparing the energy
efficiency of various systems.

Methods of construction , materials of construction , seasonal varia-
t ions and other factors also influence the energy budget for a treatment
system , but to a lesser degree than the primary factors such as direct
energy consumption on a dail y basis . Only the direct energy consumption
and the secondary energy requirements are cons idered in this report .

• 10
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RE SULTS AND DISCUSSION

Energy Equat ions

The equations of the lines of best fit for the energy require-
ments of the unit operations and processes used in wastewater treat-
ment based on the graphs reported by Wesner et al. (1978) are present ed
in Appendix A. Design conditions and assumptions used in develop ing
the graphs are presented along with  each equation . Details abou t the
condition8 imposed upo n the equations can be obtained from the Wesner
et al. (1978) report. Each equation is cross referenced to the Wesner et al.
report. The equation number used in Appendix A coincides with the
figure number in the Wesner et al. report; i.e., Equation 3—15 cor-
responds to Figure 3—15. Only the portions of the curves below a flow
rate of 5 mgd were used to determine the line of best f i t .  This was
done to obtain a better trend at the lower flow rates of interest rather
than introduce the influence of the higher flow rates . All equat ions
for the linear lines have a correlation coefficient of 0.999 or better.

Treatment Systems

Flow diagrams of the wastewater treatment systems conunnly employed
are shown in Figures 2 through 12. The flow diagrams for land appli-
cations systems were selected utilizing the preapplication treatment
guidelines shown in Table 7. The biological and physical treatment

• systems shown in Figures 2, 3, 4, 7, 8, 9, 10, and 11 are most often
employed in small systems ; however, the act ivated sludge process with
sludge incineration (Figure 5), physical—chemical treatment (Figure
6), and the advanced treatment following secondary treatment (Figure
12) have been employed in special cases. These 11 systems can be modified
by adding various processes in the treatment train to produce almost any
quality effluent desired . Also , a very wide range of energy consumption
can be experienced with these basic systems and their modifications.

The raw wastewater characteristics and the expected effluent quality
from each of the systems are shown on the figures. The raw water charac-
teristics are also summarized in Appendix B. Sludge characteristics used
to develop the energy relationships in Wesner et al. (1978) and this
report are presented in Appendix C.

Energy Consumpt ion

Energy requirements  for the components of the t rea tment  systems
shown in Figures 2 through 12 for various flow ra tes of was tewater
trea ted by the sys tems are presented in Tables 8 throu gh 19. The table

11

- ~~-~ — —~-~ ~~~~~~~~~~~~~~ ~~~~~~ -
. 

—- -•



- - - -~~---~~~ •- - - —

0
wOs

0

ot~4- -, 4

“I- .— .0

cn~~~~ w E
.0

I 1~
o

In
II-
In

4

m ~~~~w m u ~ 0
0

4 4 -  4 ~1•1‘I
ow S
o x  I w

Os

.

S
14

12-

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

-- -‘~~~--- • ~~~~~
• •
~~~~~~

—
~~

-— — ---
~~ 

•



-

I.-
nix

I- -

—

I~~~~~~~~~ I I L
I - I  .! ‘.. ri 0

~ 

I ~~
. • — 0)

N N

o

S
t

•
ma w
4

0 s-
~~g ———si

_ _ _ _ _ _ _

9

1
: 

• :  

I

13

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



F. — - -—

~~~~~~~~~~~

—--

~~~~ 

—- — ---
~~——-~~~~~~~ 

- 

~~~~
—

~~~~~~~~~~~~~~
---- -

-

- I.
-

• nix —• WI~~I C

4IJ
- 511’. W

~~~ 
)_ O . .n 0 0
~~~~ W E  N N

I -

a I 
—

2
2-~ 0 0

• 
) 

I

- 

I
_ 

•

.
~~~

14

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~ ~~- --~~ -— -‘.-~~~~--- •~~ -~~~~—-- - -



- - ~~- - - —-—~~ — 
_ _ _ _ _ _ _ _ _ _

TI~ix -

~~~ O) ~~~~
- ~~2 ~~~~~~ 0

u~~~j  w E  N N

I ~• ~~c 
0

a ~~~ 2 ~
~~~E N  N

a
a

- 1  0

I’ ~
I I

I 1J

~i~1 
~~~ 

15

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- _________  •



—- — -~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~
‘•
~
“•

~ 
- -s-—a.-.- — ~~~~~~~~~ - - - ~~~~~~~~~~~~~~~~~~~~~~ 

• — -;__, ______ • -: - —

11W 1
I w Os :~~~~o o —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— 

— w E ~~ —
a 4 0

I ~a

I ~~~~~~~~~~~~~~a I S E e . ’  N
U

I.-

K F I

i!U :~1HI 0

[Ii
a

_ _• 
1

‘- I-
4 I

U
‘4

‘C
-i- a

S
I- 14- m
4
a

‘4

16

I
-

~~~~~~~~~-~~~~ 
-—- -- ---~~~~~~~~~~~~~~~~~~~~



-• -
~~~ 

-- ,—-~~~---- -- — —— - — ——~~~~~~~~~- --~~~~~~•- •. - --- ~~~~~~ - -
~~

I
•

w it
~~E ~~~!

I O U
I~~I ~~~~~~ 0I~~l ! -~ 0 0
‘ C I  4 0  —1~~1 ~ .E- E
Ia I

I -a II I

K I ‘VS I 0

~ I m
— gi w m u )law I  I-
s K I - I  4• I -4~~~ I• • 

‘.4

—•-~--- ~~~~~-~~
.
~ -t ’—- ~~~~~~~~~~~~~~ •~_ 

~~~~~~~~ —~~ — -• ,~~ •————
— --—-- ---—-----—- -— •----- - — — — — -



- - —• -•- -- -- - -  - - - -~~-~~~~~~~~ -~~~~~~ - 
-.~~--—

-- ‘I

—

K g 
~~~ E — — 0 in

S W3.-4-
.5 —

• 0
0

SI Si in
g O
I- I-

I.- 4 0
— 0
-1 ~~~~ —

-II~ I c~ ~~~~~~~~~~~~~~~~~~o m 0
• U) I-

,

~~~ ~~~~G

r;~il u .~I.)

I.~ !I— -~ 
— 

-

1__ _ _J
• •

I~~ l

L L~J 

_ _  

. 

I
Os

4 51.4
0
Os
‘454

18

_____________________ ___________ ________ 
________ 

I
- .- - • —•-

~---• - 

• 

— 
-__J- -- ——..-•—.?, -1’~~~r—r—— —— —

- 
J~~~~~~~~~~~~~~~~~~

1 __~~~~~~ _ . d_ .~~~~~
-
~— — ~~~~~--



-- - 
~~~-~~ ‘ r  -~~‘~~~ 

-

C
0

0w E  ui-~ —

0
~~~~~~~~ 

N SI

5.

~~

4

c~~ ~~;I! I 0 U) 0 0

1 4 - I
S

I~~~Ia w l
I xi
I l-I

S I~~~I ‘4
L~~tJ .

~~L J
C

.jw
-

~~~~~ Sa

Os
‘.4
54

19



- -——-—- - — • —--——.—•—•—---.-~• -,—‘---— — — •
~

•
~
‘
~ ~~~~~~~ ~—~~~

——. ..—-•—— • •- — - — - --

.! ~~~ o °~~~. _ m  0

. ! E C I Oi~~~ In

I~
- t  

~~\ 5.

I~~ I 4-~~~ ..
I E I  )••

I- S

L~~i h  U
I — —I ~~ 0 0 U

~~

-JC
w

:~~~~~~ 1~ I
I~~~I
L
~~
i

I~~I-I ‘4.4
4 - 2Ix ~~Ig i
a

I •,I w 14
S 

LVJ

_ _  

_ _

- ~~~~~~~ - -• . • . -

— ~~~~~~~~~~ ~~~~~~~~~~~~~~~ _~_~_~~
__ 

—•~
--— 

~
•— -----—— —-



-

~~~

--- -- -•--

~~~~~~~~~

0~~~~W II..

1’.I-lw - - . - 
I

k I• I~~Ia -  —L!!J . 

I
• ‘4

ti -

~~~~~~~ ~~~~~~ 

11 

4

21 

.:~ ..:-!

— ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ —— — 
~~~~~~~~~~~~~~~~~~~~~~~~~~ - ., ...~~~~~. .—-- - —-. —



— —---- --~~~~---~~ 

• 
—--

a1~
~~IW

p -s

0

H c

- 
- . SOs

C
I ~~~

•
~: #~. 0I ... il)

~~~E (4.~ N~~~~ —

a
2

o
5.

4 2
0

4 5
a

4-
2

2
0 —

2~ 

. 4;2
~~

.._ -SE~T~
.--.V
!

• -~~

22

_ _ _ _ _ _ _ _ _ _  • 
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



F’—. ———- — - — —— -——--.

~~~~~

•-• - - . • .—~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ -.~~~~~~—~~~~~~~~~~~~~~~~~ .—•-- --. •~~~~~• • .•. — ----—-.

Table 7. Guidance for assessing level of preapplication treatment for
• land treatment systems (EPA, 1978).

I. Slow—rate systems (reference sources include Water Quality
Criteria 1972 , EPA—R3—73—003, Water Quality Criteria EPA 1976, and
various state guidelines).

A. Pr imary treatment — acceptable f or isolated loca tions with
restricted public access and when limited to crops not for
direct human consumption.

B. Biological treatment by lagoons or inpiant processes plus
control of fecal coliform count to less than 1,000 MPN/ 100 mla
acceptable for controlled agricultural irrigation except for
human food crops to be eaten raw.

C. Biological treatment by lagoons or inplant processes with
additiona l BOD or SS control as needed for aesthetics plus
disinfection to log mean of 200/100 ml (EPA fecal colifonn
criteria for bathing waters) — acceptable for application in
public access areas such as parks and golf courses.

II. Rapid—infiltration systems
• A. Primary treatment — acceptable for isolated locations with

• restricted public access.

• B. Biolo~,ical treatment by lagoons or inpiant processes — accept-

able for urban locations with controlled public access.

III. Overland—flow systems

A. Screening or comminution — acceptable for isolated sites with
no public access.

8. Screening or comminution plus aeration to control odors during
storage or application — acceptable for urban locations with
no public access.

5Most probable number of coliform bac teria per 100 ml of sample.

number corresponds to the figure number; i.e., Table 8 is a listing of the
energy requirements for a trickling filter treatment system with anaerobic
digestion (Figure 2). The last colusm in each table lists the equations

— - used to calculate the values (Appendix A).

Table 20 shows the energy requirements for components frequently
appended to secondary treatment systems to produce a better quality
e f f luen t . By modif ying the basic systems shown in Figures 2 through
12 , it is possible to develop the energy requirements for almost any

23
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system applicable to the treatment of small flows of wastewater. For
combin at ions not shown in the tables , energy requirements can be calcu-
lated using the equations in Appendix A.

Carbon and Ion Exchange Regenera tion

Energy requirements for the regeneration of carbon and ion cx—
change ma terials for very low flow systems (0.05 — 0.1 mgd) are shown
in Tables 12 , 19 , and 20 only for comparative purposes. In most cases
activated carbon would be replaced rather than regenerated and the
energy requiremen ts woul d be reduced according ly. The regeneration of
ion exch ange resins would probably be jus tified , but depending upon
local condition8 it may be less expensive to repla ce ion exchange resins
on a fixed schedule rather than to regenerate them .

Energy requirements for carbon regeneration represent greater than
10 percent of the electricity and 93 percent of the fuel consumed in
the components of an advanced treatment system following secondary
treatment at a flow rate of 5 mgd . At a flow rate of 0.05 mgd, the
energy requirements for carbon regeneration have been reduced to 5
perce nt of the electricity and 57 percent of the fuel requirements.
However, the inconvenience of operat ing addi tional equi pment and the
need for highl y skilled operat ion would probab ly rule out the use of
carbon regenerat ion at very small (< 0.5 mgd) wastevater treatment
systems.

Gas Utilization

Although the energy required and produced by gas utilization is
presented in the examples summarized in Tabl es 8, 9, and 10, gas utiliza-
t ion in small flow systems , part icularly at the lower flow ra tes of
less than 0.5 mgd, may not be advisable . The increased operating expense
caused by the need for a more skilled operator and more sophisticated
equipment will like ly o f f se t  any savings from gas utilization . However,
this is a decision tha t must be made on an individual basis.

Effluent Quality and Energy Requirements

Table 21 shows the expected effluent quality and the energy
requirements for various combinations of the operations and processes
shown in Figures 2 through 12 and Tables 8 through 20. Energy require-
ments and effluent quality are not directly related . Utilizing facul—
tative lagoons and land application techniques, it is possible to ob—

• tam an excellent quality effluent and expend small quant ities of energy.
Although one system may be more energy e f f ic ient , the select ion of a
wastewater treatme nt facil ity must be based upon a complete economic
analysis. However, with rising energy costs, energy requirements are
assuming a greater proportion of the annual cost of operating a waste—
wate r treatment fac i l i ty , and it is likely that energy costs will
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become the predominant factor in the select ion of small flow treatment
systems. Operation a~id maintenance requirements, and consequentlycos ts, are frequently kept to a minimum at small installations because
of the limited resources and operator skills normally available . This
favors the select ion of systems employ ing units with low energy require-
ments. It is very likely that all future wastewater treatment systems
at small installations in isolated areas will be designed employing
low energy consuming units and simple opera t ion and maintenance . The
only exceptions to this will be in areas with limited space or construc-
tion materials , or where surplus energy is available.

The effluent quality expected with each of the treatment systems
and the energy requirements shown in Table 21 are presented in the
order of dec reasing BOD5 concent ration in the e f f luen t . The other
parame ters (suspended solids , Total P , and Total N) do not necessarily
decrease in the sane manner because most treatment facilities are designed
to remove SOD5, but in general there is a trend in overall improvement
in effluent quality as one reads down the table. As shown in Table
21 , there are many systems available to produce an e f f luent  that wi l l
sat isf y EPA secondary or advanced effluent standards; however, energy
requirements for the variou s systems are varied and can d i f f e r  by a
factor of greater than 10 to produce the same quality e f f luen t .

For purposes of comparison the total energy (electricity plus fuel)
for a typical 1 mgd system has been extracted from Table 21 and listed
in Table 22 in order of increasing energy requirements. It is quite
apparent from Table 22 that increasing energy expenditures do not neces-
sarily produce increasing water quality benefits. The four systems at the
top of the list , requiring the least energy , produce effluents comparable
to the bot tom four that require the most. Three of the top four are land
treatme nt systems , and their adoption wi l l  depend on local site conditions .
The facultat ive pond followed by intermittent sand filter and surface
discharge to receiving waters is less constrained by local soil and
groundwater conditions .

Conventional Versus Land Treatment

A comparison of the energy requirements for a conventional waste—
water treatment system consisting of a trickling filter system followed
by ni trogen removal , granular media filtration and disinfection with
a facultative pond followed by overla nd flow and disinfect ion is shown
in Figure 13. This comparison is made because of the approximately
equivalent quality effluents produced by the two systems (Table 21).
The rela tionships in Figure 13 clearly show tha t there are s ignificant

• e lectr ic i ty  and fuel savings with the land application system. Similar
comparisons for modifications of the two systems can be made by referring
to Table s 8 , 17 , and 20 and select ing combinat ions to produce equivalent

• e f f l u e n t s .

Figure 14 shows a comparison of the energy requirements for an
activated slud ge plant pr oducing a n i t r i f ied  e f f luen t , followed by

I

•1 .... ~ ~~~~~~~~~~~~~ 
• - _~~~ 

- -  
I ~.. 43 .~ L*i.~..i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —,—~~~. .—~~~ . - .— — -  —- -—



V..-- - - -

~~~~~~~~

--

~ 

- - --— - -.5 — -.5- .5— -.---—-——

~~~~~~~~~~~~~~~~

-

~~~~

‘5- .5 _ _ _ _

‘
a

/
/

•00 - 

/
/

,,/ 
8 (

Fue l’~~7 /.1.o0 _ / / 7

‘ I/ I
Trickling Filter / /

+ / ,
1I_. Electricity

600 N itrogen Remova l ~~~~ / 6
(Ion E*ciiange) / /‘p0 + ( ‘ I

— Gramilar Media Flit . \ f /K (Gr.vity ) ‘~(.,.5,I
. 500 . + 5
.
~~ 

Disinfection 
11- / /
/ / —

‘I  -

~~/ 2
Z 400 . I 4 *w ‘I  (I)
2 I I

/ 1  Z
/ 11.1

/
I I
I Fa cultotive Pond

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1

•

FLOW RATE , MGD

Figure 13. Comparison of energy requirements for trickling filter ef-
fluent treated for nitrogen removal and filtered versus
facultative pond effluent followed by overland f low
treatment.
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Table 22. Total annual energy for typical 1 mgd system (electrical plus
fuel, expressed as 1000 kwh/yr).

Effluent quality Energy
Treatment system 1000

SOD SS P -N kwh/yr

Rapid infiltration (facultative pond) 5 1 2 10 159
Overland flow (facultative pond) 5 5 5 . 3 165
Facultative pond + interm . filter 15 15 — 10 181

Slow rate, ridge + furrow (fac. pond) 1 1 0.1 3 190
Facultative pond + microscreens 30 30 — 15 221
Aerated pond + Interm . filter 15 15 — 20 446
Extended aeratl.on. + sludge drying 20 20 - - 623
Extended aeration + interm. filter 15 15 - - 648
Trickling filter + anaerobic digestion 30 30 — — 123
RBC + anaerobic digestion - 30 30 — — 

- 
734

Trickling filter + gravity filtration 20 10 — — 745
• Trickling filter + N removal + filter 20 10 — 5 769

Activated sludge + anaerobic digestion 20 20 — - 828
Activa ted sludge + an. dig. + fil ter 15 10 — — • 850
Activated sludge + nitrification + filter 15 10 — — 990
Activated sludge + sludge incineration 20 20 — — 1,379
Activated sludge + AWT <10 5 < 1 <1 2,532
Physical chemical advanced secondary 30 10 1 — 4,029

granular media filtration and disinfect ion; a facultat ive pond followed
by rap id i n f i l t r a t ion land treatment, and primary t reatment  followed
by rapid infiltrat ion land treatment . The facultat ive pond system followed
by rapid infiltrat ion land treatment is the most energy—efficient waste—
water- treatment system, but it is closely followed in energy efficiency
by the primary treatment and rapid infiltrat ion system. The energy
requirements for both of the rap id in f i l t r a tion land treatment alter—
natives are less than 10 percent of the energy required for the activated
sludge system.

In Figure iS energy requirements for slow rate land application
sys tems us ing rid ge and fu r r ow and center pivot systems to distribute
facultat ive pond effluent are compared with the energy requirement s
for an activated sludge plant practic ing nitrogen and phosphorus removal
granular media filtrat ion of the effluent , and disinfect ion prior to

• discharge . Both the activated sludge and advanced treatment system and
the facultat ive pond and slow rate systems produce approximate ly equiva-
lent quality effluents. The ridge and furrow flooding technique of land
treatment requires less than 10 percent of the energy required by the
advanced treatment scheme. Utilizing a center pivot mechanism to distri—
bute the facultat ive pond e f f l u e n t  increases the energy requirements by a
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Figure 15. Camparison of energy requirements for secondary treatment
followed by advanced treatmen t versus facultativs pond ef-
fluent followed by slow rate land treatment. 
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factor of five compared with the ridge and furrow flooding technique , but
the energy requirements for the center pivot system are less than one—half
the energy requirements for the advanced treatment system .

In an energy consc iou s environment , the land applicat ion techniques
of treaUpg wastewater have a distinct advantage over the more conven-
tional wa~te~water t~ eatinent systems . When land is available at a
reasonab le co~ t , the lower energy requi rements  for land applicat ion
systems w~il I  likely result  in a more cost e f fec t ive as well as more
energy effect ive, system of wastewater t reatment .

- 
- 

• I

- - 
-
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• ~~NCLUSIONS

Based upon the results of the analyses presented in this report , the
followi ng conclusions are made.

1. With increasing energy costs , energy consumption is assuming
a greater proportion of the annual cost of operating wastewater
treatment facilities of all sizes, and because of this trend ,

• it is likely that energy costs will become the predominant
factor in the select ion of cost—effect ive small—flow waste—
water treatment systems.

2. Small—flow vastewater treatment systems are frequent ly designed
to minimize operation and maintenance , and as energy coa ts
increase, design engineers will tend to select low—energy—
consuming systems.

3. Low—energy consuming wastewater treatment sys tems are generally
easier to operate and maintain than energy intensive systems ,
making the low—energy—consuming systems even more at trac t ive
because of the desire to minimize highly skilled operation at

• small facilities.

4. Where suitable land and groundwater conditions exist , a facul—
tat ive pond followe d by rapid infiltration is the most energy—
e f f i c i ent sys tem described in this report .

5. When surface discharge is necessary and impermeable soils exist ,
a facultative pond followed by overland flow is the second most
energy—efficient system described in this  report.

6. Facultat ive ponds , followed by slow or intermi ttent sand f i l ters ,
are the third most energy—eff ic ient  sys tems di scussed , and are
not limited by local soil or groundwater conditions .

7. Physical—chemical- advanced secondary treatment systems utilize
the most energy of the conventional methods of producing an
effluent meet ing the federal secondary effluent standard of
30 mg/ i  of SOD5 and suspended solids.

8. Slow rate land application systems following facultative ponds
are more energy eff icient  than most forms of mechanical secondary
treatment systems , while also providing benefits of nutrient
removal , recovery and reuse .

9. Advanced physical—chemical t reatment  following conventiona l
secondary treatme nt cons ume s approximately 13 times as much
electrical energy and 26 t imes as much fuel as slow rate land
treatment to produce an equivalent ef f luent .
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10. Land application vastewater treatment systems following storage
ponds (aerated or facult at ive ) , preliminary treatment (bar
screens, comminutors, end grit removal), or pr imary treatment
are by far the most energy—ef ficient systems capable of

• producing secondary effluent quality or better.

11. This study did not consider the energy requirements for produc—
tion of a lt materials consumed in the treatment process, but it is
not believed that inclusion of such factors would significantly
change the relative ranking of the systems discussed . Such
inclusion would rather make the differences between simple
biological processes and mechanical sys tems even more dramatic.
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APPENDIX A

EQUATIONS DESCRIBING ENENGY REQUIR~~~~fS

• -5- -  -~~~~~~~~ -= — = =5— — - - --5----- —-5- - -

dISure
~ .r atiu. , Process. aad Equation Se.$ribia 5 Ses1 n ConditIon. , Aa.t tioaa and

Pr~. EPA
• 430I~~fl~~l 

Ia.rSP Iequire.ssts Elf lusnt Ouslity

3-I law $.v.gs ~~~~~~~ (Ca. .taa t Spied ) Ossign. U.i~~~ttons :

2 • 197 .000 TEN • IX ~~ 
Iff.ciencie. for typical en t r i fu al

p~~~ a (warts. with flo’ )
• P • 123 .000 ~~~~ TESS • 60 ft  Vari able level wit well

V • 61,100 — 30 f t  TEN 1. total dye tc head

• 1, 400 • 10 f t  Type of ln.r~ y Paquired: Electr ical

P .  ~~~~~~~~~~~ p~~~~. S f 1

V • Electrica l En. r$y aequir ed . kwh/yr
I • Plow. ~~d

3-2 Raw Sevag. Pwiptng (Variab le Speed) Dsetgn M.u.ption.:
• ‘V — 69.000 TOSS — 30 ft 

Iffic*v.ci.. for typical centrifugal
pi~~~e (wart.. w ith flow)

V — 24,100 TIES — 10 ft ~Io.,d rotar var iable .p.ed

‘V — 10,800 TOSS — ~ ft 
Variable level vet v.11

P • 1l.ct rical Energy Iaqu ir.d , kw h/y r Type of Energy Ioqutr.d : Electrica l

I — Plow, .~d

3—3 law S.wa~e Pv.pin~ (Variable Speed) Desi$n Aa.t~~~tion,:

V — 229 .000 X°”4 TiES — 100 ft Eff icie nci.a for typical csnt rUu al
pu~~. (wart.. with flow )

P — 152 .000 TOSS • 60 ft  Wowid rotor va ri .bl. apeed
Vart ble leve l vst veilP — Il.ctr ical Energy Required. kwh/yr

I — Flow, d 
Typ. of Energy Esquired~ Electrical

3-4 Li., Slud$e Pwipin ~~sign Aa.u.ption.:

log y — 3.4758 + 0,1475 (1o~ 2) + 0.l~~ 6 (1o~ 2) 2 TON 25 f t

— 0.0101 (log X)~ — Raw Sewage , ‘— ~ ~~ 
Operating Par a..t .rs :

Sludge concentrat io ne , secondary
lo 2 3.4448 + 0./273 (log 2) + 0.1714 (los 2)2 tre areent . are 32 for low line

and 7.52 for high 11..
- 0.0315 ( log X)~ - Raw S.wa~e. Nigh Li.. Sluigs conc.ntrattotiS. tertiary

log P — 5.3953 + 0.1173 (101 2) + 0.1e72 (los 2)2 tr,at..nt, are 32 for low It..

- 0.0532 (Io$ X)~ — Serondary Efflusnt . i.cw Line 
and 4.52 for lUsh liv.

Log Y — 3.4676 + 0.1619 (log 2) 4 ‘i.1842 (log 2) 2 TYPE of Energy Paquired: Electrical

— 0.0614 (log x)~ — Secondary 2ff luent . Sigh Li.,

P — E1 .ctrlcal Energy Required , kwh/yr

I — Plant Capecity, .~ d

3-S Aiwe $lud5a P~~~ tag Water Quality: l.Clu,nt Ef f luen t

Y 4 .000 it0.~~ (Secondary Ef f lu ent )  (Secondary ) (.~/1l (.~/l)
Suap.nd.d Solid. 250 30

V — 6 .330 (R aw Sawa5e) Phoaphate cs P 11.0 I-

V — Electrical Energy Required . ky/ sr  Water Qual i ty:  influent Effluent
(Ter t iary) (~~ /l) (rs/i)

— Plant Capacity, .d Suspended Solid. 30 tO
Phosphate a. P 11.0 1.0

• Design A.sc pti ona :
TillS — 25 f t
S1ud~e con. ent rati on (secondary)— II
SIud$. concentration (t.rttary).0 ~

Operatin g Pa rav.tsr:
Alue addition - ISO ng/l

Type of Energy Required: El,.tricel

Weaner Ct .1 • 197$.

1  
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Figur e
• •~~~~~r Opera t I.. , Process, and Eqwst isa Reecribiag Design Cs.ditioae . A.. .~~~t tue. and

Pros EPA Energy $aqsare .ca If flusat  Qual i ty
430/9—77-011

3-4 Ionic ~~ lor ids SLwd~. Pi~~~tsg Water Qu elity : 1.1 lusot Eff luent

log V • 3.6t~ 2 + 0.5308 (Lug 1) + 0.1264 (leg (Seceadary) (ssJ I )  (ugI l )
S..~~ e k d  Solid. 230 30

— 0.0)34 (leg X)~ — Secosdary EffLus .t 00..phate as P 11.0 1.0

log P • 3.4031 + 0.0078 (log 1) + 0.130 1 (leg 1) 2 Wa ter Quali ty:  iaf iuee t Ef f lues t
— 0.004 7 (leg *)~ — P.. (Tertiary) (ag/I )  (a g/I)

Sciepeaded Solid. 30 10
V • Electrical Reerjy lequired. kwh/yr Phosphate a. P 11.0 1.0

I • Pleat Capacity. uSd Resign 4s.~~~ t ieaa s
TEN — 23 f t
Sludge concestrat io. ( .ecosdar y)—22
Sludge caaceetr .t i.e(t.r t la ry)• 12

Operating Para.eters :
Ferr ic ~~lori4e addition - 55 ag/ I

Type of Energy laquired : E l e c t r i c a l

3-1 lScchant cally Cieaasd Screens Resign A..usptlon.:
log P • 3.0503 + 0. 1535 (log I) — 0.0447 (log 1)

2 Norma l run t iss. are 10 sIn to ta l
time per hr eucep t 0.1 agd (S sin)

+ O.042$ (log and 100 .~d (IS em )

V — Electrical E.s rgy lsqulr .d. kwh/yr 
Ear Spacing is 3/4 in
Wo r. gear drive , 301 ef f I c i en c y

I • Plow, ,gd
• Type of Energy Isqutr.d: E lec trica l

3—4 Co inutor. Type of Energy Req uired: El ect r ica l
lug P • 3.6704 + 0.3493 (log 2) + 0.0437 (101 1)2

+ 0,0267 (log 2)~
V — Electrical Energy Required , kwh/yr

I - P low , agd

3—9 Grit Removal (Aerated) Water Quality:

log V • 4.1229 + 0.1342 (log 2) + 0.l$49 (log 1)2 Renewal of 902 of .ateri al with a

~~~c1Eic gravity of greater th an
+ 0.0927 (log x)~ 2. 65

• ‘V — Electricel Ea.r~ y Required. kwh/yr Design Aesueption.:
Grit removal to a holding facilityI — Plant Capacity . .gd by a screw pc.p
S u e  baaed on a peakin5 factor of 2
Detent ion tine is 3 sin
Tank design similar to th a t by

Link—lelt , FIIC Corp. or Jef frey

Operat ing Parameters:
Air rate of 3 cfa  per loot of length
Remova l equipv.nt

Type of Energy Required : Kio ctrical

3—10 Grit Rieovai (son—Aerated) Water Qual ity :

— ~~~ 
Ismova l of 902 of .aterlal with

specific gravity 5r e.tcr  tb ,., 2. 63
V • Electrical Energy Req uired . kwh/yr Resign Aesusp i ions:
I — Plant Capacity. agd Grit re.nval to a holding f aci l i t y

by acrew p.
~~Si.. based on puak ing fnct,’r •.I 2

Square tank
Smalles t vnlcea• in ill .-., I t

Velo city of 0.25 Ip. t h i - •.ug h ~q.cI r .
tank or I m lii detc .nt i n  t In.’ .1
average V low

Querut.. eq~sipscu t -• hr t. ,i -h d.iy
Type of Energy l.qulred: I - I . - , I r l . .1

3 — I l  P,.— M ’rat low ~~ sIg n Ansuap t l i i i :

leg V — 4.9199 4 0.1153 (leg 1) + 0.~~~IS (log 2) 2 Detent I on tiec I. 20 .1..

— 0.0*9* (leg El~ 
Operating Pcrcsc tcr :

Air a~~p l y in  0 .13 . ,•  l t / g~ I
V • Electrical Seergy RequIred . kwh/ y r

Type of Energy Requ ired: tle.t r h- ..I
1 • Pisat Capac I ty. a . I

1.
I

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 



- — — ~~~~~~ 
— 

~~~~~~~~~~~~~~~~~~~~~~ — - 
~~~~~~~~~~~~~~~~~~~~~~

Pigitre
N,whsr Operattos, Process, and Equation Ds.cribtng Design Condition. , Aasuspt Ion, and
Fran EPA Energy Rsqulresants Effluent Quality

630/8—77—OIl

3-12 Pr imary Sedimentati on Water Quality : Is(lusnt Effluent

leg P • 3.8544 + 0.3781 (log 2) + 0.1510 (log 102 (ag/I) (ag/I)
210 136

• 4’ 0.021) (lag X)~ — Mct..Siilar Suspended Solids 230 50

lag V 3.5334 + 0.3262 (log I) + 0.0144 (log 1)2 Design Aasuspt iona :

+ 0.00*1 (leg I)~ — circu lar Sludge puapiag iacluded
Scus p.~~ ed by slud ge p.~~s

• V • Electrical Emerge Required, kwh/yr Nultlple tanks

I — Pleat Capacity, agd Qusrating Param eters:
Loading — 1000 gpd/sq f t
Wasts rat. — 652 of tnflu .nt Solids .
SI cosceatrat ion

Puaps operate 10 minute. of each hr

Typ. of Energy Isquirad: Electrical

3—13 Sscomdery sedimentatio n Water Quality: Ef f luen t

log V • 4.2148 + 0.4830 (log 1) + 0.1114 (log 1) 2 (ag/ i)

— 0.0640 (leg 10~ — Activ.ted Sludge 
20

pended SolId, 20

log V • 3.1301 + 0.3348 (log 2) + 0.0733 (log 2) 2 (applic able to activated aludge sys-
te, effluen t quality va riable for

+ 0.0231 (Log x)~ — Trickling Fi lter trickling filter sYstem.)

V • Electricity asgeirad, kwh/yr ilsaign A.sj~~~tions:
I — Plant Ospecicy, a•d Secondary eedt.entation For conven-

tiona l activated sludge include s
return and vast, activated sludge

Secondary sedimentation for trickling
filter ayetem include. waate sludge
puspiag

Hydraulic loading • 600 gpd(sq Vt

Operating Par~~~tere:
Waste ectivatsd sludge

— 0.647 lb se/lb UOD~
letu re act iva ted sludge — 502 Q
Sludge co.caittration — 11
Waste p,~~~a: operated 10 minute .

each hour

Type of Energy Required: Electrical

3—14 Qcssical Treatment Sedimentation Abs or Perric Chloride Design Aseveptionat

• bag V — 3.5364 + 0.0743 (log I) + 0.0290 (log 2) 2 Coagulant: olin. or ferrlc i-blon d..

— 0.0144 (log X)~ 
Operating Para meter:

Overfl ow rate • 700 gpd/sq ft
V — Electrical Energy Isquired . kwh/ yr Type of Energy Raq uir o~~: E l e c t r I c a l
I • Plant Capacity, sgd

3—IS Chemical tysatmeat Sed imentation Lias Design Aaat ~~~tions : -J

log ‘V • 3.5164 • 0.0172 (log 2) + 0.0842 (log IO~ 
Coagu lant: Line
Overflow rste , Avg — 1 ,000 gm/sq ft

+ 0.0903 (log x)~ Type of Energy Required: Elr.-tr l,aI
V • Electrical Energy Required , kwh /yr
I • Plant Capacity, agd

3—1 6 Nigh Pats t rickling Filter (lock Nedia) Wa tsr Quality: lnf~uou.t Efl%,.~nt

V • 61,300 
(ag / I)  ( ag/ I )

136 1.3
V • Electrical Energy Required, kwh/yr ~~~~ended SolIds  50 4’i

— * — Plant Capacity, ugd Design Assunptiun.i :
llydrnulic loading • 0. 4 Rpm/sq I t

includinI rec h rcu lot , -‘

T D S I • l O ft
Oper at Ing Paramct..r:

Reclr culn tl . ’n I t , t i u  • 2 : 1

• Typ. of Energy Rc -qulred: E I . - ,- i r l  i l
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Operation, Proc.es, and Equation Deecribing Dseigs Condition. , Assiaptions and
Pros SPA Energy Req uirements Effluent Quality

430/9—77—Oil

3.17 1.ow Rate frickling Pilt .r (Rock Media) Meter Quality: 1sf lusnt Effluent
P • 93,600 (ag /i) (mg/i)

P • Electr ical Energy Require d , kwh /y r Suspended Solid. 90 30
2 • Plant Capacity, mgd Design A.nsptions :

Hydraulic leading — 0.04 gpa/sq i t
— 23 ft

Operating Paraseter:
Ho recirculat ion

Type of Energy Required: Eie c t r i i -~~L

3—il Nigh, Eats trickling Filter (Plaetie Media) Water Quality : Influent Effluent

P — 161,000 ~~~~~ 
(mg/l) (us/i)

P — Electrical Energy Required , kwh /yr Suapended Solid. 80 33—43
I — Plant Capacity , *gd Design Metapt ions:

Hydraulic lOading . 1.0 gym/sq f t
- - including recirculation

• T~ l — 4 0 f t
Operating Parameter:

Recirculation Ratio — 5:1
Type of Energy Required: Electrtc ,l

— 3—19 Super — High Rats Trickling Filt sr (Pl aa ti c Media ) Water Quality: Inf luent  E f f lu e n t
V — 224.000 10.93 (mg.’~~ (mg/i)

P • Electrical Energy Required , kwh/yr Suapended Solida 80 48
I — Plant Capacity. mgd Design Aasiaptione:

Hydraulic loading - 3 gym/sq ft.
including recirculetion

TDH • 40 ft
Operating Parameter:

Racirculation ratio — 2:1
Ty pe of Energy Rsqu ir ed: Electr ical

3—20 Rotating Itological Disk Wa ter Quality: lu if luen t  Effluent

P — 110 .000 x l .02 
— Standard Media (mg/ b)  (mg/ l )

V — 73,000 • Dense Media Suspended Solids SO 30

: Electrical Energy Required . kwh/yr OsaignAssu tions: 
- I gpd/sq ftan Capac y, Standa rd media — 100.000 sq ft per

unit
Den.. .edia — 150 .000 eq Ic per unit

type of inergy Required: Electricel

• 3—2 1 Activat.d- $iofiltsr Water Quality: Inf luent  E f f l u e n t
P • 210.000 ~~~~~ 

500, 
(ag/I) (as/I)

P — Electrical En.rgy Requir.d , kwh/yr Suspended Solids 80 20

* — Plant it d Design Aeeiapt ions :Capec y, ~~ Rio—cell  loading.200 lb SOD’,/ lOOO
cu f t

Aerat ion — I lb 02/lb ROD’,Oxygen transfer efficien cy in w oN t , —
water (mechanical aeration )
• 1.5 lb 02/hp—hr

Operating Parameters:
Recirculation • 0,9:1
P.ecycls sludge • 302

Type of Ener gy Required: EIc’ , t n (  i i

3—22 Iru sh Asrati on (Oxidation Ditch) Water Qual i ty :  lnr tuent  I•l I h u n t

V — 430,000 x~ oo 
ROD’, 

(ag/I)  (u n / I )

V — Electrical Energy Required , kwh/yr Suspended Solids 80 20 -
* — Plant Capacity, .gd Design Assiaptinns:

• Oxygen transfe r e f f i c l c n , y  - l .a  lb
02/hp—hr (wire to wot,r)

Operating Parame ter:
Oxygen requir ement - I.’, lb (:~

consumed/lb HOD’, resov, d + 4.1, ll~
O~ , on.,acd/ lb Nl14 — M ( I n  rc u ’ I
feed) nxidi ncd

Type of Energy *cq .ilred: I: Ie ,t nl , tl
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Figure
- N~~~~ar Operati on, Procsee~ and Equation Describing Design Condit tome, Assumptions and
Pros SPA Energy Requirements Effluent Quality

430/ 9—77—OI l

3—23 Oxygen Activsted Sludge — Deeovsred Reactor With Water Quality: Influant Effluent
Cryogenic Oxygen Gsnsration (ug/l) (mg/l)

80113 136 20
‘V • 201,000 I • lhi.taged , plug flow 0, activated Suspended Solids 80 20

eludge and c~~~ lete s~x 02 Oxeiga Asaaptiona:
activated sludge Oxygen tranafsr efficiency • 1.55 lb

~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
hub/yr k

~~~~~~ u~~:
bubb Le dtuusers for

• Includes oxygen generation
Operat ing Parameter:

Oxygen requirement — 1. 1 lb 
~ 2

consumed/lb 90Db removed
Type of Energy Riquired: Electrical

3—24 Oxygen Activated Sludge — Covered Reactor Water Quality: Influent Effluent
With Cryogenic Oxygen Generation (mg/i) (mg/i)

100 136 20
T - 110,000 2 ‘ Suspended Solid. 80 20

Dseign Aaeiapttons:
• P — Electrical Energy Required, kwh/yr Oxygen tra nsfer efficiency in weete-

I — Plant Capacity, agd water — 2.07 lb 0~ Fhp—hr (wire tc ’
water)

Surface aerators for di ssolution
includes oxygen generation

Operating Par ~~~ t sr:
Oxygen reqvitemsnt • 1 • I lb 02

staplied/Ib 8011 removed
typ. of Energy Rsqu?ured : Electrica l

3—25 Oxygen Activated Sludge — Covered Reactor Water Quality: lnflu .nt Ef f luen t
With PSA Oxygen Generat ion (mg/l) (ag/I)

$005 136 20
P • 230 ,000 zl.00 Suapended Solids 00 20

Design Ususpttons:
T — Electrical Energy Required , kwh/yr Oxygen transfer efficiency in waste—
I — Plait Capacity, mgd water — 1.53 lb 0~/hp-hr (wire to

water)
Surface aerators for dissolution
Includes oxygen generation

Operating Parameter:
Oxygen Require ment — 1.1 lb 02
consumed/lb 500’, removed

Type of Energy Required: Electrical

3—26 Activated Sludge — Coarse lubble Diffuaion Water Quality: bnfluent Effluent

1 00 ~~ (ag/I)
V — 290,000 2 • Conventi onal activated eludge 500’, 136 20

(cosplete mi x) Suspended Solids 80 20

p — soo,ooo Extended aeration De
~~~;e~

e
~~~~~~:a:rti iency in waate-

T — 330,000 x .00 Contact stabi lit ati on water — 1.08 lb 0 /hp—hr (wire to

Electrical En;rgy Required , kwh/yr ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ of

Opersting Parameters:
Conventiona l act ivated sl udge oxygen

requirement — 1.0 lb 02
constasd/ lb 8005 removed

Extended aeration oxygen requirement
— 1.5 lb 02 coneumed/lb Rt)D5
removed + 4.6 lb 02 con aume d/I b
1H4— M ( in reactor feed) OtIdlei d

Contact stabilization oxygen reqoirc —
.ent • I. I lb 02 cnna,ss,dIlb

• removed + 4.6 lb 02 con~ c~ ed/ lb
NH 4—N (in recyc le sludge) oxldlee,l
during reacrat ion
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Figure
Operation, Procees, and Equation Dsscrthing Desigs Conditions, Aasuapt lona m d

Pro. EPA Energy lequirementa Eff luen t  Quality
430/9— 17—011

3-27 Activated Sludge — Fine lubble Diffusion Wate r Quality: lnfluen t E f f l u e n t
(ag/ I)  (a g/ I )

P — 230.000 111.00 Conventional activated sludge 0003 136 20
(c~~~1ete uix) Suspended Solids 50 20

P — 440,000 Extended aeration Design Aaauaptioss:
Oxygen transfer efficiency in waste.

P • 240,000 *
100 

Contact etebilixation water — 1.44 lb O2/hp-br (wire to
water , including blower)P — Electrical Energy Required, kwh/yr Average value for all types ofI m Plant Capac ity, agd diffusers

Operating Parameters:
Conventional activated aludge oaygc n

requirement • 1.0 lb 02 consumed/lb
ROD’, removed

Extended aeration oxygen requirement
— 1.5 lb 0 consussd/lb 500’, re-
moved + 41 lb 02 consumed/lb
554—H (in reactor feed) oxidized

Contact stabiligation oxygen requirc
men t — 1.1 lb 02 consumed/ lb SOD’,removed + 4.6 Lb 02 consumed /tb

14—N (in recycle sludge ) oxidized
duri ng aeration

Type of Energy Required: Elect ri,’al

3—25 Activated Sludge Treatment — l~ chanical Aeration Water Quafity: Influen t Efflueni

P — I60,000 z100 Conventional activated sludge (ag /I) (mg,’l)

(c~~~lete mix) 005 136 20
pended Solids 00 20

P - 350,000 *
1.00 

Extended aeration Design Assumptions:

P — 100 ,000 Contact etabilixa t ion Oxygen transfer efficiency — 1.0 lb

• 02 /)mp—hr (wire to water)
P — Electrica l Energy Required , kwh/yr Surface aerator , high speed
* — Plait Capacity, .gd Operating Parameters:

-

• 

Conventional activated sludge require-
ment — 1.0 lb 02 consumed/lb BOD~
removed

E*tendsd aeration oxygen requirement
• 1.5 lb 0 consumed/lb POD’, re-
moved + 41 Lb 02 consumed/l b
554—N (in reactor feed) oxidized

Contac t stabilization oxygen require-
ment — 1.1 lb 0, consumed/lb 100ç
removed + 4.6 l~ 02 consumed/lb
$114—N (in recycle s ludge ) ,,xidized
during reaerat ion

type of Energy Required: Electrical

3—29 Activated Sludge — Turbine Sparger Water Quality: Influent E f f l u e n t
(ag/I) ~ag~~11

V • 215,000 zI.00 Conventional activated sludge ROD’, l36 20
(ciaple te mix) Suapendad Solids 80 20

T — 430 ,000 I~~00 Extended aeration Design Assumption .:
Oxygen transfer efficiency i n was t e

P — 250,000 *
1.00 Contact stabilization water — 1.6 lb 02/hp—br twir .  So

P - Electrical Energy Required , kwh/yr water)

* — Plant Capacity, mgd Operating Parameters:
Conventional activated sludge oxyge n

requirement - 1.0 lb 02 connumed/lh
000’, removed

Extended aeration oxygen reqiumre.. n
— I . ’,  lb 0, consumed/lb 000’, r.--
sowed + ~~A lb 02 ccw,mnen d~ lb
lIH4~ ll (in reactor fend) ox ld lg , mi

Contact st a bilixøtion ..xygen requIre-
sen t — 1.1 lb 02 conaumed/Ib 50*.,
removed + 4.5. lb 02 ,ons,,eed/lh
l1114—N (in recycle Rludgc ) oxldl ,cd
dur ing remiermmt ten

Type of Energy Required : l)lec tr l, ,l
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• Figure
Numbe r Operation. Process, end Equation Describing Design Condition ., Assmaptions and

Ito. EPA Energy Require nts Effluent Quality
430/9—77-Oil

3— 30 Activated Sludge — Stetic 55xsr Water Quality: let luent E f f l u e n t
(ag/l) (ag/i)

V — 230.000 Conventional activated sludge R00’, 136 20
(comple te mix) Suspended Solids 80 20

P — 300,000 X 1’00 Extended aeration Design Assumptions :
Oxygen t ransfer efficiency — 1.44 lb

• p — 300,000 x b 0 0  Cont act stabilization 02/hp—br (wire to water)

P — Electrical Energy Required. kwh/yr 
Operating Parameters:

I • Plant capa cities, sgd Conventiona l activated sludge oxygen re-
quirement — 1.0 lb 02 consumed/Lb 500’,removed

Extended aera tion oxygen requirement • 1.5
lb O2 ccns, d/lb 500’, removed +4.6 Lb 02
c.oe,asd/lb 554—N- N (in reactor feed ) oxidized

Contact stabilization oxygen requirement
1.1 lb 03 consumed/lb 000’, removed + 4.6
lb 03 cona mod/lb $54—I (in recycle
sludge) oxidised during reaar nt ion

Type of Rnergy Requirement: Electrical

• 3—Il Activated Sludge — ~~t Diffuser Water Quality: lnfluent Effluent

P “ 170,000 zI.00 Conventional activated sludge (mg.’fl (ag/I)
138 20(cai~ lete nix) 

~psndsd Solids 80 20
P - 340,000 ~~~~~ Extended aeration Design Aas~~~ tione:

P — 210,000 Contact atabtlixati.n 
Oxygen transfer efficiency in wastewater —
1.1 lb 03/hp~ hr (wire to water)

P — Electrical Energy Required • kwh/yr Operating Pera.açers:
I — Plant Capacity, agd Cce,sntioeal activated sludge oxygen re-

quirement • 1.0 lb 03 cone.aed/lb 500’,removed
Extended aeration oxygen requirement - 1.5

lb 02 csoei d/lb ROD’, removed + 4.6 lb
02 coneumsd/lb 55k—N (in reactor feed)
oxidi~~d

Contact stabilization oxygen requirement —
1.1 lb 02 consumed/lb 500’, removed + 4.6
lb 02 conaumsd/lb 15¼—N (in recycle
sludge) oxidized during reasrat ion

Type of Energ y Required: Electrical

3— 32 Ae rated Ponds Water Quality: Influe nt E l f  luent

P • 260,000 *
1.00 (ag /I) (ag/i)

lCD’, 2*0 25

P - Electrical Energy Required , kwh/yr Sop.~~~ d Solids 230 25
Design Asemaptions :

* — Plant Capacity, mgd eu—speed mechanical surface aerator.
Ibtor efficiency — 90*
Aerator efficiency — 1 .5 lb O2/hp-hr (wire

to water)
3 cells — let cell aerated
Peta l detention time - 30 days

Operating Parametert
Oxygen requirement - l.O lb 02/lb Ion’,removed

Type of Energy Required: Electrical

3—33 Nitrititatlon — Suspended Crowtb Water Quality: lnfluen t tfl limeiil
(mg/I) (ag/I)

V — 110,000 *
1.00 Aasonia as N 25 I

5005 50 10
P - Electrical Energy Required, kwh/yr Design Asaiaptions:
* — Plant Capacity, agd Nechanical aeration, nxyges t r a nsfer

efficiency — 1.8 lb O2/bp_hr (wI r e to
• water)

Use of lime ins no significant Impact em,
energy requIrement

Operati ng Parasetar:
Oxygen requiremen t - 4.5. lb 01/lb MII4~$

• - 
. + 1.O lb O2/ lb IOO’,Vyp . of Energy Requirid: Electr ica l
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Figure
lumbe r Operation , Process , and Equation Describi ng Design Conditions , Assumptions and

From EPA Energy Requirements Effluent  Quality
430/ 9—71—OIl

3— 34 Nitrificst ion, Timed Film Reactor Wa ter Quality: Influen t Effluent

P • 133, 000 *
0.92 Recycle — 0.5:1 (ag /I) (ag/i)

f 

P • 151 ,000 ~~~~~ Recycle — 1:1 000’, so to~~~~sia as N 2’, 2.5

P — 226,000 x0 9 2  Recycle — 2:1 Design Aasi~~~tions:
• No forced draft

Plastic sedisP • Electrical Energy Jeq uired , kwh/yr
* — Plant Cap acity, .gd P.~~~ing TOW — 40 ft

Type .1 Energy Required: Electrical

3—35 Osnitr ification — Suapended Growt h (Ove rall) Water Quali ty:  Influent Eff lue nt
( Includes Nithano l add it ion , reac t ion , (ag/i) (ag/ i)

sed imentation and sludge recycle ) 25 0.5
Design Aasumpttone :

log P — 5.0043 + 0.9495 (log I) + 0.024S (log x> 2 Methanol — Nitrogen rat io 3:1

— 0.0332 (Log Remaining design asaumptions and operating
parameters are shown on the fol lowing

V — Electrical Energy Required, kwh/yr curves in EPA 430/9—77—Oil
* • Plant Capacity, agd Denitrification Reactor. Fi gure 3-36

Eaaeration , Figure 3—37
• Sedinsntac&on and SLudge Recycle ,

Figure 3— 38
Type of Ener gy Rsquir ed : Electrical

3—36 D.nit r ificat ton — Suspended Growth Reactor Design Aaai~~ tione:
P — 72 ,500 *~~‘~~~ 

Tamperatume — 13°C
Iitrste removal • 0 . 1  lb N0~— N / l b  NLVSS/day

P — Electrical Energy Required , kwh/yr Mixing device, s,èmerg .d turbines , lip - 0.5
* - P lant Capacity, mgd hp/ b OO ci. f t

• Methanol addition is include d
Operat ing Parameter:

MLVSS - 1500 mg/ i
• Type of Energy Required: Electrical

3—37 Denitritication. Aerated Stsbil i~ation Reactor Design Assumptions:
1.00 Detention time - SO sinV — 32 ,000 * Mecha nical aeration — I hp/lOOt) Cu ft

V • CL ectr icel !nargy Isquired , kwh/yr Type of Energy Required: El ectr im-al
* • Plant Capacity, mgd

3—35 Denitrificatico, Sed imentation and Sludge Retyc le Design Assumptions:

log P — 6.1171 + 0.7596 (log I) + 0.1607 (log 1)2 Surface load ing - 700 gpd/eq f t
Sludge recycle — 501 5 15 ft ThI

— 0.0389 (log *)~ Type of Energy Required : Electrical

P • Electrical Energy Required. kwh/yr
* — Plant Capacity, agd

3—39 Denttr i f icat icn — Fixed Pile, Pressure Water Quality: lot luont Efllutnt
(eg/l) (.g/I)

log V — 4.423 8 + 0.5657 (log Xl + 0.0840 (log X)~ Ni tra te ax N 25 0.5

+ 0.0097 (log x)~ 
Design Aaamemp tiooa :

Sand media size — 2—4 en
P — Electrical Energy Requi red , kwh /yr Influsn i pumping TmI — IS ft
* - Plant Capacity, mgd loading rate - I.? gpm/sq ft

Temp • *5°C
Depth - 6 f t

Operat ing Parameters:
Reckwseh every 2 days for I S mm ~ 2 ’.

gp./sq f t  and 25 f t  TOIl
Methanol addition — 3. 1 (013011:1103—N)

Type of Energy Required: Electri cal 

3- 40 Deni t r i fics tion  — Fixed Film , Gravity Water Quality: in fluenl E f f lue n t

log V - 3.9344 + 0.7)10 (log I) + 0 )803 (log 1)2 (mg/I) ( m g / I )
Nitr ate as $ 2~ 0.5

— 0.0453 (log *)~ Deeign Assumptions:
Sand media d i e  • 2—I. men

P — Electrical Energy Required , kwh/yr Depth • 6 ft
* — Plant Capacity, mgd load ing rate • I .?  gym/eq f t

Temperatu re • 15°C
Operat ing Par ameter ,:

Iackwa sli I ’, sin/da y P 25 gpe/aq I t  amId 25
ft TOM

$sth.nol addition • I I  (C130*l :N0 1—N)
Type of Energ y Requir ed:  E l e c t r i c a l
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Figure
Numbe r Operation , Process , and Ijuation Describing Design Conditione , Assm~~~tions and

From EPA Snergy Requirements Eff luent  Quality
630/9—71—OI l

3-41 Desitrification — Fi~.d Piim, Upflow Water Quality: lnfluent Effluent
on Experimental Data) (mg/ l)  (m g / I )

2 Nitrate se N 25 0.5log P • 4.693’, + 6.5695 (log X) + 0.0564 (log I) Design Assumptions:
— 0.0012 (log Sand media size - 0.6 en

V • Electrical Energy Required, kw h/ y r  Fluidized depth - 12 ft

* — Plant Capa city, sgd Influent pumping TOIl — 20 f t
Tempera ture • 15°C

Operating Parameters:
Met hano l addition • 3:1 (CII 3OII:N03—l)

Type of Energy Required: Electri cal

3-42 Single Stage Carbonaceous, $itrifica tion, and Water Quality: In? luent Effluent
Denit t i f icat ion Withou t Met han ol Addition , (sg/l) ( a g / I )
Pu l sed Air 501)5 210 20

TEN 30 1.5• V — 311,000 *
0 9 6  

Temperature 15°C

P • Electri cal Energy Required, huts/yr Operating Parameters:

* — FEas t Capacity, sgd Oxygen supply for n i t r i f ica t ion /d en l t r i t i ea—
tion — 1.2 ROD5 removed + 4.2 (TEN
removed) — 46 (0.6 TEN app lied) 5

Mechanical aeration
Denitrification sizing • 0.5 hp/I000 ci. f t
Detention t i .  — *2 hours
Includes fina l sedimentation 5 300 gpd/sq (t

and 502 sludge recycle
type of Energy Required: Electrical

Cleference: Biahop, D.F., et aL. • WPCF
Journa l , p. 520 (1976)

3-43 Separate Step Carbonaceous , Nitrifica tion and Water Quality: lnflu.nt Effluent
Denitrifkatioa Without Methanol Addition (mg/I) (ag/i)

• (lamed on Emperimeatal Deta) ROD’, 210 20
N 30 7.5

P — 413 ,000 Temperature 15°C —

V • Electrical Energy Required, kwh/yr Operating ?ar a.. ter a :
Air supply for nitrifi cation — 1 .1 lb

* • Plant Capacity. mgd 0 /lb 500 removed + 4.6 lb 02/lb N1l~ —N
removed

Mechanical aera tion. 1.8 lb 02
transferred/hp—hr

Denitrification mixing — 0.5 hp/lOOt) i -u I t ;
3 hr detention

Final aeration stage — I hr detention;
1 hp/I000 cu f t

Sedimentation 5 700 gpd/sq ft; 302 recycle
type of Energy Required: Electrical

3—44 Single Stage Carbonaceous , N itr ification , and Wa ter Qual i ty :  ln l luent  El fluent
Den it r i fica t ion  Without Methanol Addition — (mg/l)  (m g / I )
Orbital Plants 5 (Ea sed on Experimental Data) BOO 210 IS

$13—N 30 4 .5
V - 636 ,000 10~~~ Temperature 15 °C

V — Electrical Energy Required , kuti/yr Operating Parameters:
Total aeration ditch detention Use • 8 ),r

* — Plant Capacity, agd F/I ratio — 0.16
Rotor aerati on
Sedimentat ion 5 700 gpd/sq ft; S0~ remy . I.

Typ. of Energy Required: E lec t r ica l
5leferamce: Natscl,e, N.f. and Spatzicr . r , m- ..
Austrian Plant knock. 0,,t Nitrog en. W~ t c r  I.
Waetes Engr.. p. 1$ ( Ia n, 1975)

3—45 lime Feeding Design Assumptions:

V • 6, 700 ~0.75 Slaked lime, law lime Sleked lime mined for 0.1—5 mgd c . s i m .m , - U v
pla nts

P — 11,000 ~~~~ Slaked lime, high lime Quicklime need Icr 5—100 egO capaci ty  p i m n i a

P — 7 ,600 *
0.81 QuicklIme , low lime Qusrnt log Parameters :

mg/i , la,w Lint om C.m(13M 12
V • 13,300 ~~~~~~ Q,utckIt .s , high lime 600 mg/I . Nigh Lime an

V — Electrical Energy Esquired. kwh/yr Type of m arty Required:  ile,- t r l , - .m l

* - Plant Capacity, agd

I
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Figure
N,~~~er ~~eratloa , Process , and Equation Describing Design Conditions , Asa,~~~tiens and

Pro. EPA Energy Requirements Effluent Quality
6)0/8— 77—O Il

1—64 Alum Feeding Operating Para meters:

log V • 3,6946 + 0.2487 (log 2) + 0.27*! (log x)~ 
Dosage - ISO ag/i as Ai 2(S04) I — i6It~t)

Type of Energ y Required: Ilec tcica l
+ 0.1337 (L og

V — Electrical Energy Required , kwh/yr
* — Plast Capacity, mgi

3—6 7 Fsrri c Chloride Feeding Operating Parameter :

leg V — 3.4558 + 0.335* (log 2) + 0.20*2 (log 1)2 Dosage - RS ag/I as FsCI 3

+ 0.0053 ( log X)~ 
Type of Energy Required ; E le c t r i ca l

P — Electrica l Energy Required , kwh/yr
* — Plant Capacity. .gd

—t i Sulfuric Acid Feeding Operating Pa rem.t. cr

log V — 3 .1523 C 0.0204 (log *) + 0.0270 (log g) 2 Doaage — 450 ag/ i (high lime system )
Deeege — 225 mg/I (low lies system )

+ o.o*r (log 2)~ typ. of Energy Requ i red: t l e c ir l ca l

P • Electrical Energy Required , kwh/y r
I - Plant Capacity. mgi

3—49 Solids Contact Clar i f icat ion — 111gb Lime , Two ml. cu rve i. val id  for chemical treatm ent
Stage Racarbunation (Include s reactor of both raw sewag, and pri ma ry e l t l u r n t .
clar i f ie r , high lime feeding, eludge Water Quality: ln f lu en t  E t t l m w n L
p~~~ iag, two stag e recarbo natio n) (tr eatment of Raw Sewage) (m g / I )  ( m g / l i

Suspended Solids 250 10
log V — 5.1077 C 0.8739 (log 1) • 0.1014 (log *i

2 Phosphate as P 11.0 1.0

— 0.0549 (log *)~ — Liquid ~~~ 
W ater Quality: lnflusnt titluent
(Treatment of Pri. EU.) (ag/I) (mg/I)

P - Electrical Energy Required . kwh/yr Suspended Solids 8.0 10.1)
B - Plant Capacity, mgi Phosphate as P 11 .0 1.0

are shown on the fo l lowin g  curv e s in
Design Assu mptio ns and Operating Pa ram ete r s

EPA 630 / 9 — 77—O I l .  Lime Fe.d ing . Figur .-
3—45; Reactor Cla r I f ie r , 5—53 ; Slud ge Pump-
ing, 3—4 ; Pecarbo na t ion, 3—hO,
3—61; Recarbo nstion C l a r i f i e r . I — I S

Typ. of Ene rgy Required : Ele c t r i a l

1— SO Solids Contact Clarification , Nigh Lime, This curve is valid for ch .mical tte .m t ment ot
Sulfuric Acid Neutra lit a t ion (Includes both pr imary  and secondary effl uents

F reactor c l a r i f ie r , high lime feed , Water Quali ty:  t n t i u e n t  E l I l u o n t
chemical sludg . pump ing, sul fur ic  acid (Treatment of Raw Sewage) (ag/li (ag /I)
f eed ) Suspended Solids 250 *0

• lug P — 6.5932 + 0,6)13 (log 2) 4 0.2026 (log 2)2 Phosphate as P 11.0 1.0
Water Qua l i t y :  In f lu e n t  E f i l u e n ir 0.0208 (log *)~ (Tr.atm.nt of Sec. tIm .) (a g / li  ( m g / I l
Suspended Solids 30 10

P - Electrical Energy Required, kwh/ yr Phosphate as P 11.0 1.0
* - Plant Capacity, .gd Design Assumpi Ions and Operating P m r a m e i e r , m

at. shown on the fo l lowing  curves in EPA
430/9—77—OIl:

Lime Feedi ng, Figure 3—65; React . ’,
Clar ifier , 3—5); Sludge Pumping. 1-4;
Sulfuric Acid Feeding . 3—48

Type of Energy RequIred : E lectrical

5—SI Solids Contact C la r i f i ca t ion  Single Stag. Low This curve La v a l i d  Icr chemical tre.. t srlmm
Lien W ith Sulfuric Acid N ,utra lisati on both raw sewage and prlsa ry el f luen ta
(In cludes reactor clarifier , low lime Water Quality: Influ en t Et ’ tmm.-mm t
feeding, sl udge piatping. sulfur ic acid (Treatment of Paw Sewage ) (mg/I) (ag /I)
feeding) Suspended Solids 250 ~0

log V — 4.5447 + 0.8544 ( log El + 0. 1)6 5 ( log x>
2 Phosphate as P 11.0

Water Qua l I t y :  m m  lm m , m , i E f f l u e n t
— 0 .0441 (log 5)3 (Treatment 01 PcI . kIt .) (m g / I l  ( a g / I )

Suspended Solids 30 .‘O
V • Electrical Energy RequIred, kwh /yr Phosphate as p 1 1 .0 ‘.0
2 - Plant Capacity, agd Design Aaa~~~’ilons and Operating P , r ,mm - m c m ,

are shown on the  f o l l o w i n g  Cmi t s . -. ii. I P A
630/9 -77—O I l :

Lime feeding . Fi gure I - A ’.; R e m  l o t

Cl ar i 1i~ r , 3—Sl; Sludge Pm. I mm n 5 ,  I — . ;
Sulfuric A cid l’eed lng,  I—As

typ. of tnergy Neqm•Ircml: El em I r i  m l
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F igure
N~~~.r Operation , Pr ocess , end Equst lea Describing Resign C.mi,dit iumis , Asseap t L,,n,, ,ad

Ermim EPA Energy Rsqut re sts Effluent Qual i ty
630/9—77-OIl

3— 52 So l ids Contac t Clarification, Al . or Ferric This curve is valid (,,r c lweicaI tre.mIe. ,,m
Chloride Mdit ioe (Includes ch icsl bot h raw sewage and prim ary ,.f I l,s’nt)
f eedtmg, reactor clar ifier , sludge Water Quali ty:  In f l u . n t  I:III.’m .nt
pumping) (Treatment of Raw Sewage ) ( m g / I l  ( a g / I )

lug y • 4.8237 + 0.8.91) (leg 2) + 0 . 147 7 (log 11) 2 Suspended Solids 250

— 0.0470 ( leg 2) — Alum Water Quality: lnf lurnt Elm l,m. ,,l

log P • 4.5496 + 0.6896 (log 2) C 0. 1645 (log 2)2 (Treatment 01 PrI. Em Il .) (mg I) (mg/i)

— 0.0559 (log I) — Perric Chloride Phosphate as P 11.0 l .il

V — Electrical Energy Required , kwh/yr Design Aasump tlona .isd (lperaring Pj r.,s.’i,r.,

2 - Plast Capacity, agd ~~~~~ hmiwn m the following curv.”m In EPA

Alum or Ferric Chloride Eecdim,g, fi g.,,,
3—46 , 3—47; Reactor Clarifier , i — S ’~

— Sludge Piap f ng , 3-5 , 3—6
Type of Energy Required : E Ie .tr Im ml

5—S i Reactor Clarif ier  Operating Parameter ,, :
log V — 6.3 117 C 0. 7223 (log 2) + 0.0947 (log *

2 Ser~~tiomi acne overflow rate, lie, -

— 0.0027 (log S) Separation zone overfl ow rate , a lum .mm-
V — Electrical Energy Required , kwh/yr ferric chloride • 1000 gpd / .mq It

* • Plant Capacity, mgi Type of Energy Req m.ire4 : E l e c t r i ca l

3—54 Separate Rapid Mi ning, Flocculat ion, Sedimentation This curve ii valid for ,l,esical t r , . m t s e I m t
High Lime, Two Stage Racarbonatinn both raw sewage and am’ m ondary ,‘i f Im,em,t

log V — 5.096 1 + 0.9484 (log 2) C 0.1979 (log 5) 2 
r : Raw ~~~~~~~~~ 

I I l m m c n t

— 0.0101 (log 2) — Liquid 002 Suspended Solids 250 III

: ~~ og iqut red , kwh/yr Wa nt
” 

lnttm,m .nt E l i luent
(Treatment of Sec . E l.) (ag/ I )  ( m g / I )

Suspended Solids 30 0.0
Phosphate as P 11.0 1.0

Design Aaaump t ions and Operating P i r a n et  ,‘rmm
are shuwn on the Eollowing curves in EPA
43 0 /9 — 77—OI l :

Lime Feeding, Figure 3—45 ; Rapid Mls lmmg ,
3—58 ; Flocculat ion , 5—59; Sedime nt a tim ,,m ,
3—I S; Recarbo nat ios , 3—60 , i— A l ;  Sl mm ml ge
Pmaping , 3—4

Type of Energy Required: E l e c t r i c a l

3—55 Separate Rapid Mining, Flocculation . Sedi- This curve is val id  for chemical tr ea t me nt .~I
mentation Single Stags High Line. both raw sewage and secondary .1 Iu ~’mi t
Neutra lization With Sulfuric Acid Water Quali ty:  In t l u en t El I l,a ’OI

log V • 4.5919 + 0,868.3 (log 5) + 0.1926 (log *>
2 (Treat.ent nf Law S.w.ige) (mg/ I)  ( a g / I l

— 0.0432 (log 2) Phosphate as P 11.0 l .im

~lac~rical Energy Required . kw h/yr 

~~~~~ ~~~~~~~ 

Influcnt E I I I u e . , I

CapaC y, ag Suspended Solids 10 Ii)
Phosphate as P 11.0 1 .0

Design Aasmapt tons and tiperat log P.mr.m..’tcrs
are shown m.m the 1,m l lowing m - mmr mv s in EPA
4)0/9—77—OIl:

Lime Feed i ng , figur e 3—65 ; Rapid M & , m I , m g ,
3—58.; rlo,m-uIatfon, I—SC; Sedium’m ,t.mt i m m , ~,
3—IS; Sl edge P~aping, I—A ; % m , l I m . r m  A.
Feeding, 3—68

type .1 Energy Required:  i i m m t r l . m l
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F ig u re
Number Operation, Process, and Equat ion Desc r ib in g  Design Conditions . Assu m p t i o n s  and

Pros EPA Ene rgy Requirements Effluent Quality
630/9-77—011

3—62 licroecreens Water Quality: I n f l u en t  El I Io. ,mt
V — 65.000 ~0.79 flu Screen (mg/I) ( m g i l )

0 79 Suspe nded Solids (3 5 y )  20 0
• V — 42,700 1 ‘ 35~m Screen Suspended Solids (23 i~) 20 5

Y — Electr ical  Energy Required , kwh/yr Design Assumptions:
S • Plant Capacity, mgd Loadi ng rate (3 Sim ) — 10.0 gpm/sq I i

Loading rate (2 3 w ) • 6,7 gpm/sq ft
Operating Parame ters:

aoz submergence
Type of Energy Required:  t i e c t r i o a l
Equation for  35~ screen applicable ab,m ,o 0 .2
mgi. For flow rates ~0.2 mgi energy
requirements — 11 ,000 kw h / y r .

Equation for 23~ screen a p p l i c a b l e  above 0 I
egd. For flow rates 0 , l mgi ene rgy
requirements — 11 ,000 kwh/yr.

3-63 Pressu re and Gravity Fi l t ra t ion Water Q u a l i t y :  I n f l u e n t  t i t l u e n t

V — 31 21.01 Pressure Filters (mg/I) ( m g/ I )
I 00 Suspended Solids 20 - - 10

V — 22 )( Gravity Filters Design Assumptions:

V — Electrical Energy Req uired , thousand kwh/yr 
Includes fi lter suppl y pumping ( o m  allow—

X — Plant Capacity, mgd ance for loss of t r e a t m en t  nys ten  lme ad) ;
filter backwash supp l y pumping, and
hydraulic surface wash pumping ( r o t at i n g
arise)

Pump F f f i c i e ncy :  70% ; motor e f f i c i e n c y :  93~
F i l t e r  and back wash head: g r a v i t y  f i l t e r s ,

14 ft . TDH ; pressure filters , 20 ft 11)5
Sur fac e wash pump ing: 20 f t  TDH
Fi l t r a t i on  ra te  (both f i l t e r s ):  5 gpn /sq ft
Rack wash rate (both f i l t e r s ) :  iS gps/ ’1 f t
Hydrau l ic  surface wash rate ( ro t a ting  arm)

I gpm/sq f t  (average )
Operat ing Parameters:

Filter run : 12 hr,,. for gravity, 24 hrs .
for pressure

Rack wach puwplOg (both f i 2 m ~ers): iS  ala.
per back wash

Sot : :ce wash pmmmp in g  (bo th  f i l t e r s ) :  5 m m .
per back wash

Type of Energy Required: tlectrical

3—64 Granular Carbon Adsorption — Down f low Water Quality: influent Ei llu ent
Presmurized Contractor (mg/ I )  ( m g / I )

— 14 000 ~ l.OO Suspended Solids 20 JO

V — Electrical Energy Required , kwh/yr  Design Assumptions:
S - Plant Capacity, mgd 11 x 30 mesh carbon. 28 ft carbon dclmt lm , 30

m m .  Contact
Filtration head: 28 ft TDH (carbon depth)

+ 9 f t .  TOM , (p ip ing  and Ir eebo .mrd)
F i l t r a t i o n  pumping : 7 gpm! aq I t .  37 f t .

TOM (average )
Rack wash pumping: IS gpn/sq f t .  (~ 37 It.

TOM (average)
Operat ing Parameters:

Operate to 20 f t .  head loss b u I I d l n 1
before hsckvsshing

Rackwash pump ing : IS m m pe r backu mni m
Type of Energy Required : Eiectric .,l

3—65 Granular  carbon Adsorption — Dewn f low Gravi ty  Water Q u a l i t y :  I n l I m m e n t  El I lm m e n l
Contact0, (m g / I )  ( m g / I )

— 3) : Suspended Solids 20 10
COD 40 1%

V • Electrical Energy Req u i red , kwh/yr Design Asa~~ p t lon s :
X — Plant Capacity, mgi 9 x 30 mesh carbon

3.5 gps/sq It
30 mm contact (14 ft carbon depth)
Operate to 6 ft hesdlo,m n bm ,ildup he(mmro

• backwastming
Type of Energy Required: E l ertr i m .ml

j  
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• ‘mgv..
a e i  Oper a l ins , Process , and Equat Ion Describing Design Conditions , Aimsumpi 1 , - mm ,

Vt a CPA Energy Requirements F f 1  luen c 17mm. I ity

‘~~/..-fl -oil

- - ‘a separate Rapid M ising, floccu lat ton , Th is,r urv e is va l id  i c r  c l , .mi , . i  I I I m ,tm , ’m m l
Sed iment at ion low Lies • N,’,,c r a i l  tat mw boil, raw aew.lge ammd aom m.nda ry .1  I I  ,a ’n l
With Sul fur ic Arid  Water Q u a l i t y :  l n ( lum ’ mm t  I I I  I mm o u m

log S • 6 .6521  + 0.1260 ( log 8) + 0 .229 2  ( lug  11 2 (sI t/ I )  1m g / l i

— 0 .0022 (l mmg 2) Phosphate as P 1 1 . 0  I . m )

V — Elect r ica l  Energy Required , k w h / p t  Wat er Qua l i ty  m l  lmw , mt : t  - I mmc m li

— P1 ~ ~ 
(Treatme nt uf Ilec . E l i . )  ( m g / l i  ‘s i / I )

~~ mg Suspe nded Sol ids  10 10
Phosphate is I’ 11.0 1 ,1)

Desi gn Assmmup t tons and ilper :,t ing P.,r.msm,,t,- c,,
are shown on the lo l  low ing ,-m,rv,’ e mm , IFS
630/ 9— 7 7— 0 I I :

Rapid lilting , figur,’ 1—’aS; 11mm . m m I.,i:.mm , ,
3—59; Sediet’ntat( ,mn , I—I S ; List’ i-e.’d imm g,
3— A S; Sul( ,mrlc Ar id feeding, 1—45;
Ch em ical  Sludge Puapi,,t , )— 4

Type of Energy Required: C i e m i r im -al

3— 57 Separate Rapid Miming,  Fl oc m’ u l at lu sm , This curve is valid f m m r  I , ’m lca l  t r e . m t m m Imi
Sedimentat ion Alum or Pe rr( c thIm, r ide both raw aew.lge and mii’mm ’nda ry  .‘l I l m m, nt
Addit ion Water  Q u a l i t y :  I nf  Im m esmi I l l  l m ~ ’,mt

log V — 4 .4096 + 0.6351  (log 2) + 0 . 2 ) 4 9  ( lug 1) 2 (Treatmen t oI R.mv Sm ’w.mitm ’ ) ( m g / I )  ( a g / I )

— 0 .0 169 ( log 8) — Alum Phosphate as P 1 1 . 1 )  1. 0

log P — 4.3 ) 95  + 0.6226 ( l og 1) 4- 0.2215 (log 5)2 (Tr eatment of Sc,- . E l f .) 
l m i f l , m m ’ n t  I l l l u e m ,m

— 0 . 0 13 3  (log 1) — Ferr i r  chlor ide  Suspended Smmlids Ill 1(1.0
Phosp h a te .m s P 1 1 . 0 1. 0P • Elec t r ica l  Energy Re q mm ired . kwh /yr Design Aamm ompt ions and Op.’rat log i’.,r met’l m’c,mS • Plant  Capacity,  mgi are shown un the imm llosm l ng mm m rvm ’mm III EPA
4)0/9—77—OIl:

Alum or P e r r i c  ch l o r id e  feemling . E i g m m r c m m
3—46 .mnd 1—47; Lipid Miming, 1—55;
Flocm ’ulati mmn , I—SC; Sedimcnt .mt I . e . l — l 4 ~
Sludge Pumpin g , i — m  ~m,.1 i—b

Type of Energy Rm’ qmm irm ’d: 1/lem -t r I: .11

3—SI Rapid Mining Design Amm,umpi ions:

• 3,900 ~ 1’00 £tet.nti, a, 117 - ii) a m m o n i a
t. - 600 5eC

V — E l e c t r i c a l  Energy Required . kwi ,/yr  Temperature • 15°C
S • Plant Capacity . mgi Cmmagul. mtmt : lime or .,lum or t m - rn , ,I m l:, m 1dm

Type mml F.nerty liequlrm-m l : F l m ’ ,l rim .m l

3—59 Flom m-u Iatimmn 1*-sign Amm stm spt im rn s:
— q.~~o ~~~~ Dm.te n t l m m n Ur • tO m I , m , m t m s

V • Ele ctri cal V.nsrgy Reqmitred . kwh/yr l’emperatmmr t’ — 15°C
S • Plant C5pam - i t y  • mid Ccmngu l:,m,t : l ist’ or i m mttt m , l  I er r  I: - I ,  I or m d,

Type 0 Energy ) i e q m m i r m ’mI :  I - I c , ! r m .  I

3—60 lm’c arbanmi t to,, — Su lut I,.n f,’ed ,mt i.iqm it d (ml, S ,mmmr .m ’  lIm ’mmlg n Am, ,mimm l, t lmmna :
1.0) Vapm m ri zm’ r • 20 lb (3t,/kwlm99,1*30 ~ Low l ime I n j e c t o r  i.,,m~’s • 4 ’  u’mI 10(10 II .  1 3 1 ,  hO

Y — 141 .000 H ig h  l ime  Opm’r ati n g l’.mc. mc t ,’rs:
. . Low Lime — 1(5)0 II. Ctl ./.11 g. m I‘I E l e c t r i c a l  Ener gy Rm. qm ,ir e d , k w h / y r  111gb I.lme • !.‘m (*) lb 131 ,/n i  I g.m1I Plan t  capa. i t y ,  mgi type ,mf Immcr5y l lo qm m l rod : I. I c - I ,  I • m l

3—61 gecarbm,n,mi inn — Stack t:as ms CU, So,mrce Design Pmtmsmapt lm,m ,s:
1.110 St ac k Can • 104 C O m , 0. I I I ,  lb m m ’ . mm

V • 50 .000 
I 00 

low l i m e  ,it anml armi , m ’ I I m l l t  Ions ihl)°I, 4 . .’ I,’° ’~
V — 110 .000 * ilig Im I tee mt p m ’ l. l t  imIg m’mm ’ n . I  t o m  , I l l ) ’ ’ ! l I m I t  .oa ‘c
V — P’Ie,’t rica I Energy R e qmm i  red , kwl ’/y r am’c. mith ~~mg ) 

• 211
S • Plan t C.,pam-lt y, sgm l 

m m l e m I I,,,, pr c,m ,m m , r m ’ - $
l)pcr :mI m m; F.m r . m m , - I , ’ r a :

l,,,w I let — SMKl II. (~i, fm  I I g.m I
I l i g l m  I I rne  • (mIl lS) l im I I I  , / m i l  g :  I

I v  mm :’I I- mlm -r g v  II,’ m I m I l  , m ’ ml I I m - . m m
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~~~~er Operat ic., Process, and Equation Describing Osaiga Canditicca, Aaam~~~Eions and
Pr.. EPA Energy Requirements £ff lusnt  Quality

430/9—77—011

3-64 Crenular Cargo Adsorption — Opf low Expanded led Water Quality: laf lusnt E lf b eat

V — 62,000 ~~~~~~~ 
(mg/ i) (mg/i )

~uapended Solids 20 20
V — Riect rica l Energy Required , kwh/yr 40 IS

I — Plast Capacity, mgi Desigu Assumptions:
30 minutes cont act
12 x 40 mesh carbon
152 expansion, 7 gp./sq ft  (28 f t  carbon

depth)
3 f t  freeboard

Vype of Energy Required: Electti tal

3-4 7 Granu la r Activated Carbon Regeneration Design Aasumptions:

V — 3$~000 z~~o~ Clarified raw wsstswster 
Electricity include s furna ce drive r , after-

burne r , scrubber blowers and carbon
Electricity ConVeyors

I — 4,000 11.00 Clarified raw wast evstsr Fual required per lb Carbon r egenerated:
ruei — million Stu/yr Furn ace — 3,600 It o

V — 10,000 ~ 1.00 Clarified secondary effluent 
Steam — 1,600 It u
Afterburner — 2,400 I to

Electricity Operating Parameters:
I • 1,100 z~~

00 Cl~ rif iad secondary effluent Carbon does: Clarified raw waet evat er ,
Fuel — million Ito/yr 1300 lb/mu gal

Clarified secondary effluent ,
V — Electrical Energy Req uire d~ kwh/yr
* • Pleat Capacity, mgd 

400 lb/si t &al
Type of Energy Required: Electrical and Fuel

3—69 Son Exchange for I~~~ mLa Removal, Gravity Water Quality Influen t Ef f luen t
med Pressure (mg/i) (mg/ i )

V - 310,000 ~ 1.00 Pr easur m Suspended Solida 5 5
11113~ H 15 0 .1— 2

V — 220,000 11.00 Gravity Design Assm~~~tione:
150 bed volum es throughput/cyc le

I — Electr ical Energy Required, kwh/yr A bed volumesfhr loading rate
I — Plant Capacity, mgi Gravity bed , available head • 7 .23 F r

Pressure bed , average operating head — 10 f t
Include s backwash but not regeneration nor

regenerant renewal
101 downtime for regeneration

Type of Energy Required: Electr ical

3—69 ton Exchange Foe ~~~ onia Removal — Regeneration Design Assumptions ;

• 2 ,000 ~100 Regeneration ni- h 2% MaCi
40 by/regeneration; 1 regeneration/24 hrs

V — Electrical Energy Required , kwh/yr To ta l head — 10 f t

S • Plan t Capecity, mgi Does not include cegenerant renewal
Applicable to gravity or pres sure beds

Type of Energy Required: Electrical

3—70 Ic. Exchange for A onta Removal — Regenerant Design Aasumpt iona:
Renewal by Air Stripping gegenerant softened with NaOH. clarified at

P — 120,000 x l.00 wit h 11113 recovery 
800 gpd /sq ft

40 gV/regeneration cycle; ISO IV thcommghput

V • 65,000 without tilt) recovery 
per cycle

Rege nerant air stripped; towe r loaded at 761.

I • Electrical Energy Required , kwh/yr 
gpd/eq f t  w i th  565 rim f t  air/gal

I — Plant Capacity. mgi 
Stripping towe r overall height — 32 f t
A onis recovered in adsorption tower with

H 2S04
type of Energy Required: Elect r ica l

3—7 1 Ion Exchange for Ameonia Removal. Regenersnt Design Assumptions :
Renewal by Steam Stripp ing Steam str ipping used

V — 3,180 5~~04 Electricity 
Spent regenerant softened with soda imh mit

p11 — 12
P — 6, 150 *

1.03 Fuel—million Ito/yr Steam stri pper height — 18 f t
4.5 DY /regene ration cycle ; ISO DV

P — Electrica l Energy Required, kwh/yr throughput/ion exchange cycle
S — Plant Capacity, mgd Power includes softening, pH adj ustment ,

pumping to  st r ipping towe r
Fue l based on IS lb Steam r eqmmir ed/ l .000

gal wastewater treated
11113 recovered

Type of Energy Requ ired: Rlectrim’m. i and I,.’l
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f igure
MoSer Operation . Process , and Equation Deacrib ing Design Cooditio ne , Assm~~~tiona and

Pros EPA Energy Deq ulreesnt m. Ef f luen t  Qu ali ty
430/9— 77—0t I

3—72 Ameonia Stripping Water Quality: Influsot Eff luent
V — 82 ,200 Pm~~~ing. 11 I I

Air teap., °F 70 70
• 510.000 %I.01 Fans NH~—M , mg/I 15

P — ~io,ooo *~•o~ Total Design Aast.p tions:
Pm~~~~TDll — 30 ft

V — Electricai Energy Required, kwh/yr Operating Par tsrs:
* — P lamt Cspaeitp, mgi Hydreulic loading • 1.0 gym/sq f t

Mr /W ater ratio — 400 cu f t /gel
Type of Energy Required: Rlectric5 L

• 1—73 Ireakpoint Omlorimmatica With Dechlorination Water Quality: influent I ft iusst
log V — 5. 14Th + 0.3092 (log I) + 0.1369 (log 5) 2 (mg/I) (mg/I)

4 . IS 0.1
+ 0.0438 (log Dechlorination with Design Msm~~ tlons:

Activated Carbon Reaage ratio, Cl g: g—M is 8:1
log V - 5.0593 + 0.2394 (log I) + 0.0844 (log 5) 2 lesidua f Cl 2 — 3 mg/l

Detention tine in rapid mix — 1 mon.
+ 0.0014 (log 5) 3 Dechlorination with Sulfur Dioxide feed ratio , S0~ :Cia - I:

Sulfur Diozido Activated carbon pumping , T8ll — 10 ft
P — Electrical Energy Required , kwh/yr Type of Energy Required: Electrical
S • Plant Capacity, mgd

3—74 Omlorination and Dechlorination for Disinfection Water Quality: l,flusnt Effluent

log V — 4.0108 + 0.9289 (log I) + 0.0869 (log 5) 2 80D5, mg/i  20 20
Suspemied Solids, mg/I  20 20

+ 0.0045 (log Omlorination with Coliform, no.1100 ~l ‘1000 200
Dechlorination Design Assi~~~tions :

log P — 3,9694 + 1.0172 (log I) + 0.0746 (log 5) 2 Evaporator used for dosages greater than
2000 lb/day

— 0.0658 (log I)~ Qilori ,mat lon Without Dechlorination by $02 aas..img in d021C12
Dechlorination ratio of 1:) and 502:C12 residua - of 1:1

V — Electrica l Energ y Required , kwh/yr Ic evaporat or for $02
S — Plant Capacity, .gd Operating Par ters ;

Dilorine dosage • 10 mg/i
~~ lorine residual — I mg/ i

Type of Energy Required: Elsctr icai

3—75 Omlerine Dioxide Generation sad Feeding Design Assm.ptio.e:
log V — 3.4604 + 0.3636 (log 5) + 0.2171 (i. X)~ ~~ lor ime Dioxide dosage is S mg/i

(equivalest to 10 mg/l Cl 2)
+ 0.054 1 (log Soil., . Chlorite: Ch lorine Dioxid, ratio —

I.$l to IV • Eluctric~al Energy Required , kwh/yr Chlorine: Omlorine Dioxide ratio — 1.61 to lS — Plant Capacity~ .gd Type of Energy Required: Electrical

)-7~ Oxomme Dietn ie tion Water Quality: Influent Elf luent
p — ~5o,ooo Air Peed pe Solids , mg/I ID 10

Fecal colifor ms/ I00 .1 10,000 ~00
V — 57 ,000 Xl.00 Oxygen Feed Design Um.~~~tlcne:
I — Riectrical Energy Required , kwh/yr Oxene generated from sir I 1.02 vi. concen-

tration and oxygen I 2.0%S - Plant Capacity, mgd
Operating Par~~~ t.r a

Oaone does — 5 mg/I
Type of Energy Required : Electrical

3— 77 Ion Exchange for Deminera lisat ion , Gravity and Water Quality: lnfluent Elf lu.nt
Pressure (m g/I)  (mg/I )

V • 90,000 51 0 0  Gravity Ten 500 50
Design Ass~~~~tiomsl

V — 120,000 *
1.00 Pressure Loading rats - ‘ gpo/cu f t

V — Electrical Energy Required, kwh/yr ~~avit y bed, avs il~ ble hea d — 7.23 It
Pres sure bed , avi rilge operating head tO f t* Plant Capacity, mgd Inc l udes backwash but not regeneration nor
regenerent disposal

Type of Energy Required: E lectr i cal
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Figure
loSer Opeaat Ins, Process. and Equation Describing Deaign Conditions, Aaa.~~~t tons and
Pens gya Energy Requirement. Effluent Quality

430/9—77—OIl

3—78 Reverse O ceie Waler Quali ty :  )nflu.n t Ef f luen t

p — 2 ,150,000 *~~‘~ 
p11 6 7
Turb idity, JIll ~ l.0 0 . 1

V — Electrical Energy Requi red , kwh/yr TDI , mg/i 300- 1300 100—ZOO
S — Plant Capacity, mgi Design Aaa~~~~t ions:

Fesd pressure a 600 psi
Single pass sye t.m

Opera ting Parameters:
Water recovery: 0.1 — I mgd 752

1 — 10 mgi SOS
10 — 100 mgi 83%

Type of Energy Required: El ectr ica l 
- -- -~~~

3-79 Lied Treatment by Spr ay Irrigation (Nodi(i•d) Design Aaeusptlons:

V • 270,000 ~ I.00 Center Pivot 
Irriga tion season is 230 days/yr
Center pivot , P011 — 196 ft

V • 164 ,000 ~ l.00 Solid lit Solid set , TDI — 173 f t
Typ. of Energy Required: Electr ical

P • *l.ctrica l Energy Sequined , kwh/yr
I • Plan t Cipacit~~. mgd

3-SO Land Treatment by Ridge and Furrow Irrigation Design Assumptions:
and Flooding (Modified ) lrrigation season is 230 days/yr

P - 20 ~~~~~ Ridge and Furrow Fuel , gilidon Power includes runoff re t urn pumping
Fuel for annua l leveling and ridg e and

Ito/yr furrow replacement
V — 16 ,000 ~~~~ ~~~~~~~~ Power Typ. of Energy Required: Electrical and

V — 12 ,000 ~~~~ Ridge and Furrow Powe r 
Diesel Fue l

I — Electrical  Energy Required , kwh/yr except
for F u l

5 — Plsnt Capacity, mgi

3—b) Lnfiltraticn/Percolation and Overland Plow by Design Asa.~~~tionst
Flooding (Modified) inf iltr ati on/p ar colacion , Till — 5 It

V — 9 ,200 ~1.00 Overland ?~~~ i 
Overland f l o w , TOIl - 10 f t
Disposal time ~. 230 days/yr for Overland

P — 3.000 5l.02 Rapid infil tration Flow

V • Electric a l Energy Required , kwh/yr 
Disposal t ime is 363 days for Rapid

In fi l t rat ion
S — Plant Capacity, sgml Type of Energy Required: Elect r i ca l

3—82 Infiitr ett on/P er coIa t lon and Overland Flow by Resign AssumptIons ;
Solid Set Sprinklers (Modified ) In filtration/per colation spray, TIll • 113 ft

‘I — 170 ,000 ~ I.00 Overland Flow 
Overland flow spray, VLSI — 115 it
Disposal time is 230 days/yr for Ove r land

P — 7S 000 5100 Rapid Infil tration Flow

V — Eiectt t cal  Energy Required , kwh/yr 
Disposa l t ime is 363 days/y r for R apid

Infil tration
I — Plant Capacity. mgd Type of Energy Required: Electrical

3—b) Was tewater Treatment Plant Ruilding Heating Design Aaaiaptions :
Requirem ents Four fre sh air chan ges/br

log P — 2.6362 + 0.4562 (log 5) + 0,0791 (log 5)
2 Storm windows and insulated w a l l s  mnd

ceil ings
+ 0.0026 (log X)~ Minneapol is 70 percent fue l utiltaation factor

log I — 2.4485 + 0.4498 (log 5) + 0.0483 (log g) Z See Chapter 1 , pages 5—2 to 5-7 in EPA
430/9 — 77—OI l

— 0.034 3 (log g) 3 Mew York

log Y • 1.8742 ,0,4162 (log S) + 0. 0732 (log

— 0.0115 (log It) 3 toe Angeles

V — Suilding Meeting Requirements, mill ion Simm/yr
S — Plant Capacity, mgi

j
_ _ _ _ _ _ _ _ _ _ _ _ _  
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Numb... Operation . Process and Equities Meecrib ing Resign Cesdttlone, £aavaptioae and
Pr om I PA Energy asquiremeIlts El Iiuemit Quality
.30/9’’ .011

.3-54 Meet ‘water Tr at at Plant Ivildiag Ceoling stei See chapter 5, pages 5—S to 5— 10 a
Requirements EPA 430/~-17— OIl

log V • 4.0320 + 0.52$ ( leg S) + 0.0054 (log 5)2

— 0.0101 (leg ~~~ Mist

Log P — 2.8103 + 0.5304 (log 5) • 0.1114 (log

- 0.0044 (leg 5)3 Mi nneapolis
log ? — 2.9050 + 0.5226 (log E) + 0.0692 (log 5) 2

— 0.0325 (leg ~) 3 Pew Yolk

P — Iuildimg Ceoling Isquirements. kwh/yr
* — PlanE Capacity, mgi

1-IS levity Thicke ning Rae Table 3-4 in EPA 430/9—77-011 for isaigs
V — 8.72 #‘~~ Lime Sludge and Other lindge for aasingtioea and operating parameters.

Thickener and a2 .200 ,~2 tins curve based o. tertiary system at SO
lb/sq ft/day

P — 174 *
0.53 Other 8lwdga from 2 ,200 to 9,000 Type ef Energy Required : Electrical

f t 2 ef Thickener Area

V - *7 0  Other Sludge for Thickener Area
,,,~~~ ft 2

V — Electrical ~~~ rgy Required, kwh/hr
I — Thickener Area , sq ft

3—86 Air Flotatio n Thickening lie Table 1—5 for design aasump t tona and

P 5 1,730 operating para meters in EPA 4 3 0 / 3 - 7 7— O i l .
Curve corresponds to a naxl..,s air require—

V — Electrical Eaergy Required , kwh/yr ment .1 0.2 lb/lb solids and a.,- c.’ .‘~ 0.3
I • Surface Area, sq ft  scm air/eq ft  surface area.

Type of Energy Required: El

3—87 anket CemtrU~~~ Resign Aas.ngtions:

V — 1 ,030 cIOO 1t 3/day 0. dewat.red solids Operating hp is .371 times rat ,
See Table 3-4 for specific 51 

V - ISO ~ l.OO ‘500 f13/day of dameterid solids characteristics in EPA 43O - - -

I — Electrical Energy Require d , kwh/yr He ltiple ani ta requ ired above $~~~~ (c / day

I — Reue ter .d Solids Capacity , cu it/dey capacity
Operating Par tsre :

Machines rum for 20 m m .  ar, of f for ICI aim .
10 sin, allowed b r  w~loading, restart ing

and attsim ing running spend.

~~~ 
of Energy leqid red Electric~~ ___

I—U Elut r iat ion Eludge
0V — 1,880 * 

‘4 Digested Pr imary I. Digested primary I $5 solids
2. Digested pr imary + W .A.S .  I 41 solids

V — 3 100 50 9 7  Digested Primary + Waste 3. Digested primary C W .A .E .  (C FeCl 3)• 
Activated Sludge and Digested I 41 soLids
Primary C Meats Activeted Resign Aes.ngtione:
Sludges with FeCl3 Dead low rate e — $00 gyd/sq it for I

V — glectr lc.1 Energy Required , ~~~ /yr ud/e~ ft for 2 a 3

I — Sludge Quantity , tea/day (dry a.ltde ) Mixing energy : C — 200 eec”t for 5 miS.
per stage

TSP — 30 f t  for sludge and 25 f t  to, water
Ope rati n g Para ters:
Two — stage, countercurrent system with
separate .iaing and settling tanks

Wash water to sludge ratio — 4:1
Type of Energy Required : Electri cal

3-89 Meet Treatment Resign Assuapt ions :
Reacts, condltiees - 300 peig at 31007

log - 1.5710 C 0.3150 (lag *1 + 0.1734 (log ~ Meat exchanger AT - 30°F
+ 0.0914 (log 1) Is. Oxidation (Ai r Can t m uses opera t ion

Addition) See Table ,—9 for sludge description and

log V — 1.510 1 + 0.1932 (log 1) + 2.2584 ( leg 5)2 tent ie Ch~~ ier 5 in EPA 4 3 0/ 9—71—Oil
Curve inc l udes:

+ 0.2312 tIns *)~~ The rma l Conditioning Preeeurinatioa p.nge
(Us Air) Slu~~~ grinders

Feet—thicken., irises

* - The rma l Treatment Capac itp , ~~ ~ir rsspr.ee.rs
V • Sl.ctrtcal Energy Required , thousand helm/yr Railer feed p,~~ s

Type ci Eaergy Reqeired : l I e r I r I c . I

1
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figure
N.who r Op erat ton , Pr oceas , and Equation Descr ibing Design Conditions , Aaauap t ions and

from iPA Energy R equirements Ef f lu e nt  Quality
430/9— 17—O Il

I -90 Heat Treatment — Without Air Addition Design A.susptions:
P — 500 51.00 Reactor conditions — 300 paig at 3343°F

Neat exchanger AT 10°F
P — Fuel Required , million ku/yr Continuous operation
S — Therma l Treatment Capacity . gym See Table 5—9 for aludgs descript ion ~nd

text of Omapter S in EPA 430/9-77 ) 1.
Curve includes:

Fue l to prod uce stea m necessary t.. rat s.
reactor content s to operating t.mp r at u r r

_____________ ‘ 
Type of Energ y Required : Fon I

3—9 1 Meat Treatment — With  Air Addition Design Assumptions :

V — 260 X 1’00 Primary • W.A.S .  ~~~act0t conditions - 300 psig at 150°F
Neat exchanger AT 50°F

P - 320 x~~oo W.A .S.  Continu ous operation
P • 370 X 1 ’

~~ Prima ry (C Fed 3) + W.A .S. and See Table 5—9 to, sludge description a..d
text of Ch apter 5 in EPA 4)0/9—71-OilPrimary + W. A . S.  (+F.Cl 3) curve includes:

V — 420 Tertiary Alum Fue l to produce ate necessary to  rala.’
reactor contents to operati ng t rmp.rat .,reY — Fue l Required , million Etu/yr Type of Energy Required: Fue lS — Therma l Treatment Capacity . gpe

3—92 Heat Treatment — Wi th Air Add it ion Design Assumptions :

P — 280 Primary Reactor conditions — 300 pa ig at .5007
Heat exchanger AT — 5007

P • 310 Dig. Primary Continuous operation
P — 360 ~ l.O0 Dig. Primary + W .A.S.  and See Table 5—9 for sludge descri p t i on  and

text of Chapter 5 In EPA 4IO/9—~ 1-OIIPrimary + W .A.S .  (+FeCl 3 ) 
Cu rve inc ludes:

V — 400 ~ l.0O Dig. Primary 4 W.A.S . (+FPCI 3) Fue l to prod uce steam necessary to  raise
rea ctor contents to operatin g t .np .’rat or .P • Fuel Required , million I t o/yr Type of Energy Required: Fue lS — Thermal Treatment Capac i ty ,  gp.

3—9 3 i henical Addit ion (Digested Sludges) Un sign Assumptions :

log V — 3.6422 + 0 3114 
~~. ~~ 

~~ ~~ 2 See Table 3—8 pre cedin g Fi gure 1—34 tor
che.ical quan t i t i e s  in EPA 4 10/9— 7 7—0 1

Digested Primar y Pumping head — 10 f t TDH

log P — 3.5314 C 0.3664 (log 5) + 0.2808 (log 5) 2 Curves include :
Chemical feeding and handling

0.1057 (log ~)3 Digested Primary + Waste Sludge pumping
Activated and Digested Slud ge—chemi cal sit in g
Primary + Waste fype of Energy Required: Electri cal
Activated with FeC L 3

P — Elec t r ica l  Energy. kwh/yr
S — Sludge Quant i ty ,  ton/day (de’ soLids)

3-94 Chemical Addition (Undigested Sludges) Design Assumptions:

log P - 3.5641 + 0.3108 (log 5) + 0, ’144 ~~~ ~~~ 
P.aping head — 10 ft TOIl

Curve s Incl ude :
+ 0.000 7 (log ~) 3 Waste Act ivat ed Qiesical feeding and handling

log ‘I • 3.5174 4 0.2951 (log 5) + 0.3228 (log ~)2 Sludge pump ing
Sludge—chemical mixing

— 0. 1381 (log ~)
3 Pr imary + Waa ta Type of Energy Required: E I e c , r t ,-a l

Act iv5t ed
log P — 1.4817 + 0.2803 (log I) + 0.2350 (log 5)2

+ 0.0292 (log 5) 3 Primary

P — Electrica l Energy, kwh/yr
X — Sludge Quantity, ton/day (dry solids)

3—9S Vacuum filtration See Table 3—7 for design nss.mp t ion,, In El’S

logY • 4.1245 + 0.0840 (log S) 40.)186 ~t~R 
~~~ 430/9—77—OIl

Operat ing Parameters:
— 0.0177 (log 5) 2 scfm/sq it

20—22 inches Hg vacuumP — tlectric4i Energy Requ ired, kwh/i, Fil trate pump, 30 It TOIlS — Vacuum Filtrat ion Are s. sq ft Curve includes : drum drive. di..ch..rgc
roller, vat agitator . vacuum pump .
f i l t r a t e  Fuel

Typ e of Energy kcqulr.’d: El,rtrtral
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Figure
Hanker Operation , Precise, and Equation Describi ng Design Condit ions, Assiapt iona and

Fr om EPA Ener gy Require ments Effluent Q u al i ty
430 19-77—0 11

3—N Filter Pressing See Table 3—8 for design assump t ion. in EPA

V — 6,980 ~~~~~ Inflesni solids • $2 .430/9-77—Oll
Operating Parameters:

P — 7 ,510 50~U Ini t.ant sol ids • 65 Powe r consumption based on continuous
I — 6,710 50.

71 
influan t solid. — 42 operation, 22$ pa t ope rating pressure

Cu rve includes:
P • Electrical Energy Required. kwh/yr Feed P~~~ (hydraulically driven , posit Iv.

• S — Filter Press Volume , cu ft  dispLacem ent piston p.~~~)
Opening and closing mecka niem

Type of Energy Required: Electrical

3—9 7 Centrif oging Operati ng Conditions:

— ~~~~~ ~l.OO Line sludg. classification Power con s.mption based on continuous
operation

P — 1,940 ~ l.02 Oseeteri ng Dewatering accomplished wit h low speed
V • Electrical Energy Required , kwhlyr can trifuge , C — 700 asc
I — Flow, gpo Sludge Type Conditiuna

Primsry + Low Lime l*~ classificat ton
Tertiary + Low 14.. No claaaiiicat ion
Primary + 2 Stage High Lime Classif icat ion

followed by
dewate ring

Tert iary + 2 Stage High Lime Classification
followed by
dewater leg

Type of Ene rgy Required: Electrical

3—98 Sand Drying Isda Design Assumpt ions:
log P — 2.1755 +O .9543(log 5) + 0.0255 (log 5) 2 Powe r consumption based on pumping to

drying bade at TOIl — I S it
C 0.0020 (tog *)~~ Power Consumption Fue l cons.~~ption based on:

P — 4.0 ~ I.O 2 Fuel Cone.~~~tion I 1.5* Solids dryi ng to 505 solids , 70 lbs/cu ft
loading wi th front end loade r . $ gal /hrp.~~~.d , sillion Ito/yr use of d iesel fue l ( 140 ,000 Stu/ga l)

a — 2 .1  51 .02 Fuel Conai~~~tion I 5.05 Solids 15 sinutsa required to load 30 cu yd t ruck
p .aged , mill ion It o/yr See Table 3—3 for quantities of various

P • 1.2  Fuel Cons~agtion I 2.5* Solids .ludgea/s1l gal treaced In EPA 430/9.77—On
p.~~~ed , million Stu/yr type of Energy Required: Electr l, -nl and

P - 0. 42 51.00 Fuel Cons~~~ t ion I 1.0* Solida 
Fue l

pumped , sillion Stu/yr

P — Fue l Required , mill ion $tu/yr except Power
Consumption Which is kwh/yr

S • Sludge Quantity, gem

3—99 Sludge Pumping Design Ass,~~~t ions:
log P - 2,6555 + 1.4926 (log 5) — 0.2455 (log ~) 2 42 solids maximum (Dilute to 45 if gr unt e r )

4 inch pipeline minimum , design w l n o t t y
C 0.006 5 (log IO~ ~ (pa

P - Electrical Energy Requirad , kwh~yr per mile Pip eline e f fec t ive  “c” factor 51

P • Annua l Sludge Volume, mil gal Pumping based on centrifuga l non—clog ,,r
slurry p.~~~s , 685 efficiency

20 hours per day average operation
Operat ing Para meters:

See TaLe 3—9 for alud ge character is t i cs
for disposa l in EPA 4 30/9— 77—O I l

Type of Energy Required: Electr ical

3—100 Dewatered Sludge Haul by truck Design Assumptions:
P - 7.0 5 L00 Truck Capacity — 10 yd 3 I gal diese l (82) - 140 ,000 Ito

Diesel powered dump trucks
Y — 4.6 Truck Capacity — 15 yd 3 

Operati ng Parameters :
P . ’  2.6 truck Capacity — 3 0  yd 3 Operation S hr per day

• 
Averege speed; 25 npl. lor First ~0 eII,s

P — Fuel Required , mill ion Itu/on. way nile/yr and 31 mph thereafter
— S — Annual  Sludge Vo l ume , 1,000 cu yd Truck fue l ,,se 4.5 mpg avg

See Tabl e 3—9 for sludge ohn r . ,, - , , r l , , t i , v
for disposal i~ ErA 4 10/ 9—77 — Oi l

Type of Energy Req.utr. ’d: •2 Dls v~ l I oi l
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Numbe r Operation , Proce ss , and Equation Describing Design Condition., Assumptions and
Figure

Fr om EPA Energy Requirements Eff luen t  Quality
30/9-77—01 1

3—101 Liquid Sludge Haulin g by larg e Design Assumptions :

P • 5.6 50.97 Sarge Capacity 2 HG ~ $al marine dieae l • 140 ,000 Itu
Non—propelled barges moved with tugs

P • 11.0 ~~~~~ Serge Capacity — 1 lS~ Operating P ar uet er s;

V • 12. 0 ~0~9? large Capacity — 0. 85 * 
Operation 24 hr. per day
Ave rage speed 4 mph

P • 14.7 ~~ urge Capacity — 0.1 *~ Tug su e: 300,000 gal barg e — 1 ,200 hp

V 26.9 ~0.97 large Cap acity 0.3 * 
SO0,000 & $50,000 gal barge -

2 ,000 hp
T — Fue l Required , mi l l ion  Stu/one way mile/yr l ,000 ,00042 ,000 ,000 gal barge —
x • Annual. Sludg e Volume , 1,000 ci. yd 2 ,500 hp

Se~, Tab le 3—9 for slud ge ch ar acter iect ca
for disposal in EPA 430/9 -77— Oil

Pipe of Energy Required: I4arin e diesel iou !

3—102 Liquid Sludge Hauling by Truck Design Aseump t ions:

P — 14.9 ~~~~~ Truck Capacity 1,500 gallons 1 gal diasel (82) 140,000 E t u
Diesel powered tank trucks

P — 25.3 51.01 Truc k Capacity 2 ,500 gallons Operating Parameters:

P — 53.2 ~
1.02 Truck Capacity — 1,200 galLons ~~~Tati~E 8 hca pe r day

Average speed ; 25 mph for f i r s t  20 miles
P • Fuel Required, mill ion ku/one way mile/yr end 35 mph thereafter
S - Annua l Sludge Vol.~~~, nil gal Truck fuel use 4.5 mpg avg

See Table 3—9 for •ludgs cha ra ct er ia t ica
for disposa l in EPA 430/9—77—OIl

Type of Ener gy Required: 82 Diesel fue l

3’~I03 Ut i li sa t ian  of Liquid Sludge Design Assumptions :

P • ISO 51.00 Land spreading 
Fue l use: apreading truck — 2 ga l / t r ip
I gal diesel (#2) — 140 ,000

P • Fue l Required , million Itu/ yr Ope rati ng Parame ters:
S • Annual Sludge Volt~~~. mil gal 1600 gal b ig wheel type spreade r , IS

minut e round t r ip.  Truc k is se l f  loading
See Table 3—9 for alud ge characteristics

for disposa l in EPA 430 / 9— 77—0 11
Type of Energy Required : #2 Diesel Fue l

1.00 Fue l use: Enil do zer — 8 gal/hr
3— 104 Uti lixat ion of Devater ed Sludge Design Asauspt lons:

V — IS * Landf i l l Front end loader — 8 ga l /hr
1.00P — 71 5 l a n d  Spreading Spreading truck — 3 gal/trip

F 
P • Fue l Required , million Stu/yr 

I gal diese l (82) — 140 ,000 Btu

S — Annua l Sludge Vo l ume , 1,000 cu yd Operating Parameter:
Landfill: 30 sinut es bulldozer r ime per 10

cu yd truckload of sludge
Spreading: 7.2 Cu yd big whee l typ e

spreade r. 20 minute trip t Ime
See Table 3 9  for sludge character is t ics

for disposa l in EPA 4 30 / 9— 77—O Il
Type of Energy Required: #2 Diesel fue l

3.103 Mixing — Anaerobic Digeetar — Nigh Rate Design Aas.~~~tion e :

P — 1.5 ~ l.00 p~~ctia nir al Mixing— 1/4 HP/b oO ft
3 Continuous operation

20 ft  submergence for release of g.ss
P — 3 3  N.chsnicsl Mixing — 1/2 HP/ b OO f t 3 Motor efficIency varies from 851 i” 937

V • 6.5 51.00 Hechanica l Mixing — I HP/b OO f t 3 depending on sotor size
Type of Energy Required: F .le ctr i~- .,I

log P — 3.5094 + 0.1464 (log 5) — 0.0721 (log 5) 2 See Qiapter 5, pages 1—Il to S—li ~nd I’ig..r.-

+ 0.0209 (log 5) 3 Gas llixing — s ~~f./ l0Oo it 3 3— 106 for  Fuel requirements in EPA
430/ 9— 77 — OI l

log V —12.6025 — 6.334 2 (log 5) + 1.5075 (log 5) 2

— 0. 1036 (log ~) 3 Gas liLting — 10 scfWI000 f t 3

tog P • 6.3722 — 1.956 2 (log X) + 0.1249 ( log  5) 2

— 0.0301 ( log Q 3 Gas Muxitg—20 scf./ 1000 ft 3

P — Elect r i ca l  Energy Requ ired , kwh/yr
S — Digeater Vol..., C u f t I —

1:
C

- 

1 
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Figure
*~~~er Operation . Process, and Equation Describ ing Denign Condition. , Asaumptionn and

Pros EPA Ener gy Esqui tana nta Effluent Quality
430/9—77—0 11

3—106 Thernophilic Anaerobic Digest ion Design Aas. ptions :

T - 0.7 51.00 Primery + High Lime Sludge Fuel requir ements are .biown for northern
static , for cantral locations multiply by

P — 0.5 ~ l.O0 Primary + (V.6.5. + P5CI3) 0.5 for aouthern locations multiply by 0.3

V — 0.9 ~~~~~ Primary + FeC13. Prima ry + LA.S., Operat ins Parameter :
Digester temperatu re 103°?end (Pr inery + FeC! 3) + W .A.S. See Figure 3— 105 for mixing energy in EPA

P — 1.03 ~~~~~ Pr imary, and Prinery C Low LAs. 430/9-77—Oil

P — 1.19 ~
l.01 Wast. Activated Sludge 

See table 3—3 for sludge character istics ii’
EPA 430/9—77—OIl

V — Fuel Required , million Itu/yr Type of Energy Required: Fuel or Naturai  Gas
K — Solids, lb/day

3—107 Asrobic Di$SatLOn Deaign Assumptions:

V — 157 ~ 1.0l Moci.an ical Urat ion — Detent l~n ~~~~~~ based on oxygen supp ly requiremen ts;

Tims — S days 5ixifl5 assumed to be satisfied
Yac.h anical aeration based on 1.5 Lb 02

P — 200 51.00 fl~~~~ mical Aerati on — Detention transfer/hp—hr
Pi — 16 days Diffused aeration based on 0.9 lb 02

P — 230 ~ l.00 Mocheuirel Mr stion — De tention transfer/hp—hr

Ti_s - 24 days Temperature of waste 20°C
Oxygen for nitrification is not include d in

P — 300 ~ l.O0 Diffused Air — Detention TLms values presented — for nit rification 02
— S days demand + EOD deman d multiply vsiue fro m

P - 360 ~~~~~ L~j ff d Air — Detention Ti CU~~~5 by 1.3
Type of Energy Required : Electrical

l6 daya -

‘I — 400 51.00 Diffused Air — Detention Time
— 24 day s

P — Electrical Energy Required , kwh/yr
S — 50

~ IN Lb/d ay 
-—

3—108 Thermophilic Aarobic Digestion Design Assumptions:

V — 125 ~ l.00 200 lb SOD /1000 ft 3/da y Process is sutothe rso ith ilic

P — 157 ~ l. 02 300 lb 1005/1000 f t 3 Pure oxygen prov ided for oxyge n transfer
/day having the following power demands:

1.5 hp/l,000 to ft mixingV — Electrical Energy Required , kwh/yr 2.9 lb o~~~.p-hr PtA generationS — IODiii 
_ lb/day 4. 2 lb 02/hp-hr Cryogenic generation

Cryogenic aiet a assumed for greater
demands than 5 ton/day

Type of Energy Required: Electrical

3—109 ch l orine Stabilizat ion of Sludge Design Assumpt ions :

P — 2,190 ~0.96 Operating pr eesure 35 psi
Recirculatton ratio — 5:1

T • Electrical Energy Required , kwh/ yr Qi lorin e feed — 4 lbs/l ,000 gal
S — Sludge Flow , gpm Type of Ene rgy Required : Electrical

3— 1 10 Lime Stabilization of Sludges Design Assumptions:
y — 7,50 ~0.72 

~~~ Dosage — 200 lb/ton as P, ped feed of slaked lime
Mix lime and sludge for 60 seconds atCa (OH ) 2 C • 600 sec’1

P — 12.25 ~0.
70 

Li.. Dosage 400 lb/ton a. Sludge p p ing not included (see Figure 3—4
in SPA 430/ 9—7 7—O I l if pumping req ui red)

Ca(OH)2 Type of Energy Required: Electrical
T • 17,97 NO.70 Lime Dosage .’ 800 lb/ton as

Ca(OH) 2
P — 30.71 50.68 Lime Dosage .’ 1,000 lb/ton es

Ca(OH) 2
P — Electrical Energy Required , kwh/yr
S — Sludge Quantity,  lb dry solids/day

3- i l l  ikilt ipIs Hearth Furnace Incineration (See See Table 3—10 For design assumption. .  to EPA
Figure 3—112 in EPA 430/9—77—011 for 430/9—77—Oil
Start—up Fuel) Operating Parameters:

P — 14.00 Primary Sludge 
Incoming sludge temper a t u re is 57 I’

1.00 Combus tion temper atur v is 1400 F
P — 16.00 5 Primary + Low Lime Sludge Downtown for cool—down equa ls ,.tart—. .p (Ii..

V — 22 .30 Digeated Pri esry Sludg. Frequency of start—ups I s a Fun,-t i,,n 01

1.00 individua l systems
P — 40.00 5 Prima ry + (W.A. S .  + Fed 3) Sludge Excess air is 10(17

P — 60 .00 S~~o~ (Pris .iry+FeC l 3) + W . A . S . .  type of En er gy Required: Fuel 111 1 ‘c l- , l o r , I
Gas

(Pcisary + ?eC b 3) + V . A . S . ,  nnd
V.A . 8.

P — 66.67 Primary + Fed 3 and W.A.$.+ FeCI 3
P — Pu. l Xequ lr ed , m i l l i o n  Its/yr
* — Dry Sludge feed , l b / h r

67
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Figure
Momb ec Operation , Process , and Equation Describing Design Conditions , Assu mptions and

Pro. EPA Ener gy Requ irement. Efi luent Qu ali ty
430/ 9- 77—O il

3—I 12 Mol tiple He arth Furn ace Incineration Start —Up Design Aas.~~~tiona :
Fue l Use in conjunction with Figure 3—Il l in EPA— 430/9—77—011 to determine total iu~ l

‘F — 0.00194 5 required.
Isatup t ime: Effec t ive  He a rth IleatupP — Fuel Required, million Itu/hr Area Time

S — Effective HSe rth Area , eq ft
~~~~~~~~~~~~~ ~~j iL~less than 400 IS

400—800 27
SO0—l400 36
1400—2000 54

greater than 2000 lOS
Operating Ass.~~~tions:

lisatup time to reach 1400°? t emperature
Frequency of start—up is a fu nct ion of

individual system
Type of Energy Required: Fuel Oil or Natural

Gas

3—11 3 ibsitip le Hea rth Furn ace Incineration Design Asa~~~~tlons :
Solids Loading Rate. , lb /hr/sq ft

P — 3670 Concen tra tion, S (vet sludge)
Smell Large

V • Electrical Energy Required , kwh/yr Plant. Plants
S — Effective llsartb Area , eq it 21 mgi ‘25 sgd

14— 17 6.0 10.0
18—22 6.5 11.0
23—30 7.0 12.0
31 9.0 12.0

Operating Parameter:
Systea operates 1002 of the t ime.

3—114 Fiutdizsd lad Furnace Incine rat ida Design Assump tions:

P — 10.3 Primary Sludge . Rate— 14 lb / f t 2 /hr Heat value of volatile solids is 10.000
ku/lb

P — 12.3 ~ l.OO Primary + Low Li.. Sludge , See Table 3— 10 preceding Figure 3 — I l l  For
Rate — 18 lb/f t 2 /h r sore design assumpt ions in EPA 430 /9-77—

P • 15.6 ~1.Ol Digested Pr imery ~ludgs , 011.
Rate — 14 lb/ft /hr 

Operating Conditions:
Combustion temperature in 14000?

V — 31.0 Prime ry + (W .A.S. + F5C13), Downtime is a function of individua l system
Rate — 5.4 lb/f t 2 /hr 405 excess air , no preheater

P — 41.0 ~ l.00 Prima ry + W .A.S . ,  (Primary + Startup not included, 73 ,000 Itu/eq Cf  Cut

FeCl
3

) + W .A.S., ~nd V.A.S., 
startup

Rats — 6.8 lb/ft /hr 
type of Energy Required: Fuel Oil or Natural

Gas
P — 51.0 PrImary + Fed 3 and W .A.S.+ PeCI3,

Rate — 6.8 lb/it 2 /hr

P - Fuel Required, million ku/yr
S • Dry Sludge Feed , lb/hr

3—i ll Fluidlzed End Furnace Incineration See Table 3—10 preceding Figure 3— 111 For

P — 47 ,400 x0’93 design assumptions in EPA 4 30 / 9—77—OIl
Operating Paraeetecs:

V • Electrical Energy Required , kwh/yr Full ties operation
Z — led Area, sq ft type of Energy Required: Electrical

3-116 Sludge Drying Design Assumptions;

‘C — 10 Fuel 305 Input Solids Concentration , Continuous operation

million atu/yr 
Dryer Efficiency 722
Product moIsture content lO

P — 16.5 Fuel 202 Input Solids Concentration , Power includes blowers , fans , conveyn r a
million ku/yr Type of Energy Required. Fue l and t1e.-tri~~lt ’.

P — 200 ~l.0 Electricity 302 Input Solids
Concentration

P — 234 ~l.02 Electricity 202 Input Solids
Concentration

P — 32.4 *
1.02 Fum I U Imput Solids Concentration ,

million It s/yr
P — 277 ~l.0I Electricity 62 Input Sol ids

Concentrat ion
P — 71.0 5L01 Fuel 42 Input Solids Concentration ,

million It s/yr

j  P • l I S A  Electr ic i ty  42 Input Solids
Concentration

68
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Figure
P,~~~~r Opera tion, Proceas a.d £quetion Describing 0.55gm Conditions , Aas~~~ t t ons and

Fr an EPA Reergp Requirements Effluent Q u ali ty
430/9-77.011

3—116 V • 150 51.00 Fuel 2* Input Solids Concentration,
(Continued ) million Itu/yr

P — 2650 ~ l.00 Electric ity 22 Input Solids
Concentration

P — 300 ~ l.O0 Fuel 12 Input Solids Concentratio n ,
a million sty/yr

P — 5100 51.00 iiectricity 12 Input Solids
Concentration

P • Electrical Energy Required , kwh/yr except
fue l req uired

S — Annua l Dry Solids Produc t , ton/yr

3— I I 7 Het Air Oxidat ion Design Aaaumpc toni :

2 Rlactor pressure
1mg ‘V 2.2slg + 0.4392 (log 5) + 0.1239 (log 5) Primary + v.A.s. — 1700 paig

- 0.0108 (log 5) 3 primary + W.A .S. 
2 ~~~~~log P 2.156 1 + 0.5493 (log 5) + 0.1772 (log 5) See Table 5—9 for sludge description and

— 0.0303 (leg 5) 3 V.9.5. Curve !ncludes: 
S in EPA 430/9—77- OIl

‘C • Electricity Requited, thousands kwh/yr Pr esaur ixation pumps loiler Feed p~~~,a
* — Treat ment Cap city~ gps Sludge grinders Air comp ressors

Decant task drives
Typm of Energy Required: Electrical

~~ ns: Fuel Ia required only at start—up

3—118 Lime Hecalcisieg - Ikittiple Hearth Furnace Design 9ae~~~tions:

0 51 Continuous operation
‘C — 1544 * 

• Fuel — Prt ry . 2 stage high ibiltipl e heapth fur nace
1*.., millie. Its/yr P lbs/eq ft/hr loading rate (wet b.sis)

p • ~~94 ~0.5l Fuel P ti 1 It G~• outlet temperature • 900°?

mill i  ~~ 
Produc t out let temperature • 1400°?on u yr Power include. center shaft drive . sha ft

P — 2290 * 
• Fuel — Tertiary , 1 stage high coelimg fan , burner turbablowere . produc c

lies, million ku/yr ceoler , and induced draft f an

‘I • $ 650 ~0.41 Pa.sr , kwh/yr Sludge CeCO Mg(CSi) Othe r Co.-

V - Electrica l Energy Required, kwh/br Comp.eltion. 3 2 Inert. bust ibies

* — Hearth Area , sq ft  eta1. high
lies 632 22 132 202

Tertiary , law
lime 71 10 16 3

tertiar y, 2
stage high
lime $6.1 4.3 6.1 3.’,

Type of I~~rgy Required: Fue l and Electrical

4—I Activated Garb o. Secondary Energy Requirements

V — 1.05 51.00 400 lbl.il gal Tertiary granular
Carb on crea tesst , mil l ion It s

P • 17 .5 2 ,500 lb/.il gal, 1PC Powered
Carbon t reat ment, million It s

P - Production Energy , million It s
S • Plant Capacity, mgi

4—3 ~~~~ n i um Rydroxide Secondary In.r~ y Requirements

• ~~ ~ S.04 4 , 175 lbfsi l gal , .1 tiLe. Itu

— 
V • Production Energy, mI l l ion ltu
* • Plant Capacity, mgd
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Figure 
—

lh~~~er Operat ton , Precesa , and Rq uat ion Descr ibing Deelgu Coedttions, Aesumpt ions and
Pram EPA Energy Requ Irements Efflue nt Quality

430/9— 7 7—Oil

4-4 Ga rbo. Dioxide Secondary Energy Require ments

‘C - 1.5 ~~~~ 200 mg/ l . mil l ion Its

‘C — 1.2 ~~~~ mg/ I . million Its
V - Production Energy, million Itu
S — Plant Capacity, ~~d

4-5 Qilor ime Secondary Ene rgy Requirements

P — Ill 51.00 
~o ~~/i , kwh

‘C • 1800 51.00 
III mg/I.

‘C — Production Energy. kwh
S • Plant Capacity,

4—6 Ferrie t3ilor ids $eco.darp ~~~ rgy Req ui rements

‘ C _~~_~~5I.00 S0~~~ / i . kw•i
P — 700 it l.O0 

~~~~~ kwh

V • Production Energy , kwh
S • Plant Capacity, mgd

4-7 Lime (Calcium Delis) Secesisry Energy Requirement s

P — 6.2  ~~~~ 300 mg/I , million Itu

‘C — $ 3  400 mg/i , million Its

‘C — Production Enetgy, Cillion Its
* • Plant Capacity, mgi

4-8 Hethano l Secomdary Energy Req uirements

‘C — 7 9  5 I~ 0 $0 mg/i , m i l l i on  Its

V — Product ion Energy , million Itu
* - Plant Capacity, mgi

4-9 Ovygan Secondary Energy Requirements

‘F • 543 51.0 _ mg/i ~~~
‘F - Production Energy, kwh
* • Plant Capa city, mgi

6—I D Polymer Secondary Energy Requirements

‘F — 1910 ~l.O 1.4 5/mil. gal . ,  Its

P - Production Energy, Itu

- * • Plant Capacity, mgi 
-
~~~~~~~~

____________________

4—Il Sodium Oiloriie Seconda ry Energy Requirements

‘C — 25 ~
l.O Rock and Solar , 1200 Ib/mil. gal.

V — 20 ~I.0 Evaporated, 1200 Lb/all, gal.

‘F - Production Energy , kwh
* - Plant CapacIty, mgd

4—12 Sodium Hydroxide Secondary Energy Requirements

P — 350 X~~’° 375 lb/m u , ga l . ,  kwh

P - 7100 ~~~~ 4760 Ib/mil. gal. • kwh

‘F - Production Energy , kwh
* - Plant Capacity, mgi

4—1 3 Sulfur Diozide Secondary Energy Requirements

‘F — 0.33 21.0 2 mg/I. kwh

‘F — Prod uc t ion Energy . kwh
S - Plant Capacity, mgd

4—IA Sulfuric Acid Secondary Energy Requirements

I • 1100 ~I.0 ~~~ mg/i. million Itu

‘F — 2600 450 mg/I, million Its

‘F — Product ion Energy , million Its
S — Plant CapacIty, mgi
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Figure
Rusher i~~erat ion , Proceas. and Equat ion Describing Design Conditions , Ass.mpttons and

Pro. EPA Ene rgy Requirements E f f l u e n t  Quality
430/9—77—Oil

5—1 Eatimsted Heat Requirements 1000 sq ft  huilding

P • 1.7000 4 31.740 2 2 — 0.7765
Case A: Uninsulated

P — O.30~0O + 17 , 1730 2 — 0.3750
Case I: Added Wall and Ceiling Inaulat ion

With Storm Window.

P — 0.0491 + 12.3366 2 — 0.2536
Case C: Wall and Ceiling Insulatioy Double

Cissed Windows and Floor Ire ulat ion

P — Heat Required , million Its/yr
S — Thousand , deg day/yr

5—2 !sttmetad Floor Area for Wa stevacer Treatment PLa nts

log ‘F • 3.180 1 4 0.1790 (101 2) -~ 0.4170 (1~og 5)2

— 0.1074 (log Total Floor Area

log y • 2.8073 + 0.4146 (log 2) + 0. 185 7 (log
— 0.0332 ( log Laboratory and

Admin istrative Area

P — Floor Area , sq ft
* — Plant Capacity. mgd

5—3 Anaerobic Digester Heat Requirements For Prima ry
Sludge

P - 3.20 0.0290 2 South U.S. — Digestion
Temp. — 95°F

p — 3,43 — 0.029 3 S Middle U.S. — Digestion
temp. - 95°?

P • 4.03 — 0.0300 S North U.S. — Digestion
Temp . — 95°?

P — Digester Heat Req uired, million Itu/sgd
(0.05 lb VS/day/cs ft)

* — Sludge Temperature to Digester , °F

1—4 Anaerobic Digester Neat lequiraments for Primary
Plus Waat s Activated Sludge

P • 6.69 — 0.06 ) 5 South 11.5. — Digester Loading
• 0.03 lb VS/ft1—day

V - 7.14 — 0.063 * Middle U.S. — Digester l.oading
— 0.05 lb VS/ft3—day

T - 6.42 — 0.064, 5 North U.S. — Digester Loading
• 0.03 lb VS/tt3—dsy

‘F — 6. 11 — 0.062 * South U.S. — Mgs *ter loading
— 0.13 lb VS(ft3—day

P • 6.2$ — 0.062 * Middle U.S. — Digester Loading
— 0.15 lb VS/ft~—day

P — 6.67 — 0.062 2 N orth U.S. — DigeSter Loading
— 0.13 lb VS/ft3—day

V • Digester Heat Required, million Its/mgi
I — Sludge Temperature to Digester , °7

5—5 Heat Requirements Powered Activated Catbon
Regeneration

V - 0.0233 10.90

T • Fws l Required , million Itu/yr
I — P~~~ red Act ivated Carbon Regenerated , lb/day
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Figure
H.~~ er i~~aratlon, P receas , amd iquetion Describing Design Conditions , Ass.pationa and

From EPA Energy Requirements E f f l u e n t  Qua li ty
430/9—77—011

5—7 Digester Gas Cleani ng and Stora ge Coeatruc t ton Goete

leg V 0.970 1 + 0.g379 (log 5) — 0.1235 (log 5)
2

+ 0,0211 (log 2)3 total Clean Compreae and
Store

log P 3.1972 — 1.7054 (log 5) + 0.6770 (log

— 0.0642 (log 5) 3 Clean and Comp ress

log T • —0.854 7+ 1 ,7752 (log 5) — 0.3705 (log 2) 2

+ 0.0521 (log 5)3 Store

‘F • Construction Coat , thousand dollars
S — Digester Gas Cleaned and Compresse d , sc ha

s—a Digester Gas Cleaning and Storag e 0 6 N Labor
Req ui rement.

log ‘F • 0.2603 + 1.3030 (log 5) + 0.0195 (log 5)2

— 0.0247 (log

P — 0 6 H Labor , hr/yr
S • Digester Gas Cleaned and Stored , scfm

5—9 Digester Gas Cleaning and Storage Maintenan ce
Material Coats

log ‘F — 1 . 6 7 6 3  + 0.9010 (log 5) + 0.2707 (l og 5) 2

— 0.0633 (log

P • Maintenance Material , thousand dollars/yr
* — Digester Ga. Cleaned and Stored , act.

5—10 Digeater Gas Cleaning and Storage Energy Requirements

log ‘F — 1.1149 + 0.4622 (log 5) + 0.0713 (log 5) 2

+ 0.0024 (log Li 3

‘F — Electric ity Required , thousand kwh/yr
S — Digester Gas Cleaned and Stored , acts

5—Il  Internal Combustion Engine Construct ion Costs 600 rpm engine wi th  heat recovery and

log V • 5.2829 — 3 .6573 (log 5) + 1.3169 (log ~)2 alternate fue l system

— 0. 1250 (løg 5) 3

‘F — Construction Coet. thousand dollars
* — IC Engine, hp

5— 12 Internal Co.bsation Engine 0 6 H Labor 600 rpm engine with heat recovery and
Requiremente a l terna te  fue l aysteR

log V — —1.1725 + 1.5611 (log 2) — 0.0273 (log

— 0.0146 (log 5) 3

V - 0 4 N Labor , h r/ yr
S • IC Engine, hp 

____________- —

5—1 3 Internal  Combustion Eng ine Maintenance 600 rpm engine wi th  heat recovery and
Materia l  Costs al t e rna te  fue l system - 

-

log V — —5.4676 + 4.3514 (log 5) — 1.1752 (log ~)
2

+ 0.1337 (log
P — Ms3,,te.,anc e M~ter la1 , thousand dollars/yr
K • IC Engine , hp 

-
~~ 

________________ —

5—14 internal Combustion Engine Alternate Fue l 600 rpm engine with heat recovery and
Requirements alternate fuel system

log P — —1.9249 4. 3.5577 (1”. 2) — 0.7592 ( l og

+ 0.0736 (log

‘F • Al ternate Fuel Required , million Its/yr
S • IC Engine, hp

~
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~~~~ .r ~~.rattoa , Preceap , and Equat ion Describing Resign Conditiuma, Ass~~~ etuus and
Ire *PA Ineegy Requirement. E ffluent  Qua lity

4*19-11—011

5—IS Digester Can Ulilisatton $ystes Cuestructius Complete electricity generation system a.
Coats ah~~ni is Ftgiws 5-4 EPA 430 19—77- 011

Log P 2.5404 — 0.4550 (leg K) 4 0.6~ 79 (log
— 8.1311 ( Leg 5) 3

‘C - Coaatruction Coat , thousand deliars
S • Plant Capacity, mgi

a 5—14 Olgester Gas Uttlisa t ios lystes 06$ Labor C~~~ lete syst em for electricity generation
Req Ilirementi as whown is Piguce 3-3 ~~A 630/9-77-014

log ‘C • I .S795 4. 1.1374 (log 1) — 0.1063 ( leg 102

+ 0.0029 (leg

t -

S — Plant Capacity, mgi

t 5—17 bigesier Ga. Utiliza tion System Nsintesaac. c~~~ Lecs system foe eiect rtcity generation
Material Coat. as shome is Pigur e S-b EPA 4 50/9-77—OIl

log ‘F 4.1712 — 6,2561 (tog 5) • 6.1717 (log

— 1.3269 (log 5) 3

‘C - Mai ntenan ce Material . thousand dollar s/ yr
S • Plant Capacity, egd

5—I g Digester Gas Utilixation Hystan Reergy Comp lete system tar electrical generation
dsquir*.emte on e4oia~ Am tiger. 5-6 EPA 430/9-77-OIl

Log ‘C • 2.4904 + 0.9544 (log 5) — 0. 0965 ( log 5) 2

+ 0.0411 (log 5) 3 Fuel

log ‘C 1.7180 4. 0.5935 (lag K) — 0.0424 (log 102

4. 0.0041 ( log 5) 3 Electricity

P — Fuel Required , million It s/yr
a — Plant Capacity . mgi

S—19 *sltiple Hearth lnciner att on Constru ction Coa t Reatgs sad ~~sret ios Ass*~~~tiome:
log P 0.0606 4. 0.5432 ( log 5) 4. 0.4666 (log 5) 2 Lan dis. rate •~~ ~~~~~~~~~~~~~~~ 

142
— 0. 1592 (log 5) solids

‘C • Construction Cost , million dollar.
S • P lant Cepacity, sgd

5—20 Multiple Hearth Isc inersti om 0 1 N Requ ire ment. Dsadgm and Operatio n Ma~~~ tione :
V - 1600 ~~~~~ Loed iag rate - I lb/sq ft/b r

Sludge: Pr imary 4. W.A. $. sludge lAS
P — 0~~N Labor , hr/yr aàlida
S — Plant Capacity, mgi

5— 2 1 *alt iple Hearth Incinerati on Ma Inte na nce Desigs and ~~srat iom Aas~~~ tions:
Material Costs Loeding ra te — 6 lb/sq ft/h r

log P • 3.5505 + 0.0972 (log 5) + 0.3656 (log 5) 2 Sludge : Primary + W .A . S .  sludge • 162

- 0.0539 (log 5)

‘C • Maintenance Material , dolisra/ yr
K • Plant Capacity, sgd

3—22 Auxiliary Heat Required to Sustain Combustion As.,~~~tione:
of Sludge 10,000 Its/Lb VS

P — 4.09 - 0.165 * Prima r y , 60* VS
V • 4 — 0.179 * Prisary+W .A .S., 6911 VS

V • Neat Required , mill ion Itu/t on VS
* • Sluig. lelide, S by weight

9—2 1 Heat Hecoser.d I - -c inciiier atioe .1 Sludge Aae,~~ tiana :
P — —2 115.0 + 5.14 11 — 0.0002 ~2 Primary +W . A . S. —

V • — 1119.4 • 2.06 * — 0.0006 52 W .A.I . + FeC1 3 Sa, table preceding Figure 1— I l l  i .~r slui f.
V • —III • I. Fl S Pr imary •l~~~~ 

chara cter istics in EPA 4 10/9—71— OI l

V • leth al Pl an Gas T.mpanssur. , ~F
• Neal Nereanne d, .IIU.a Ste/yr/mgi

6’ I s  I~~~~~~l ~~ Ene..e Me the ~~~ umi .1 Ansi I tar p Ms,~~~i tune:
Pma, 3.. VS ~~~~ I*, 6 ,eIIme Sellds IIfl

E abaust Trmp . ROtE F
— 5  t .  ‘ c _ I Vo l. 1.n 102

C - - ., ‘a n t . 1 ‘ e m  •e.#I al p mel d.
• ._ • — a . an. - .“
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Figure
bhab.r Operation , Pro csss, and Eq uation Describing Resign Conditions, Aeaiapt lons and

Fr .. EPA Ener gy Requirements Eliluen t Qual ity
430/9—77—011

5—26 Energy Recovery Rotary Kiln Reactor Pyrolysis
System - 

-

‘F — 0.02 2 Net Energy Output , I tu / ib  input
S — 2 Refuse 2 Sludge — 100—5P — 0.0 4. 0.7130 5 — 0.0030

I Recovery of Energy Input

K - S Re f us. 2 Sludge • 100—S - -

5—27 Enargy Recovery Vertical Shaft Reactor Pure
Oxyg en Pyrolysla Sysism

‘C — 0.09 + 0.0291 Net Energy Output

5 • Z R e tu s e  Z Sludgs — L 0 O — 5
— 

- 
P - 4.8730 + 0.97375—0.004l

S Recove ry of Energy Inp ut

5—28 Nea t Ptap Output laaed on Wilton Plant Ilesign
Ope ra t ing Conditions for Vario us 5ff lust~t
Temperature.

P • -0.0714 + 1.9257 5 — 0.0109
Output , million Its/yr/mgi

V • 0. 1529 + 0.0775 5 - 0.0005
Coefficient of Performance

S • Wasta vater Temperature , 0p

5—29 Air to Air Heat P, ps Typica l Perfor mance Curve

‘C • 59 — 0.64 5 Typical Structure Nest Lou ,
thoua.nd It s/br

S — Outside Temperature , 0,

‘F — Ii.509i + 1.2769 K — 0.0034 ~ 2 
•~

Capac ity

‘F • 0.8225 + 0.05 19 5 —  0.0004 52 Coefficient of
Per t ormanca

5— 30 W ater to Water /Water to Air lent Pt~~~e
Construction Cost

log V • 3.026 + 0. 1483 (log 5) + 0.1530 (log 5) 2

— 0,0122 (log
P — Construction Cost , dollars
S - Neat Pu~~~ Capacity, thous and Its/br

1-31 Water to Water /water to Air Nest Pt~~~a
0 6 N Labor Requirements

log P — 0.2900 + 0.2924 (log 1) + 0.19 16 (log
— 0.0253 (log

t O l P I I.abor , hr/ yr
S — Neat Puep Capacity, thousand ltu /h r

5—32 Water to Water /Water to Air Heat P onpe
Maintenance Material Cost.

log ‘C — 0.4946 4. 1.0205 (log 30—0 .0819 (log ~)2

+ 0.0079 (log 5) 3

‘C • Maintenance HatCrial , dollars/yr
S — Neat Ptmg Capacity, thousand Its/hr

5 — 3 3  Watar to Water/Wate r to Air Neat Pt ~~~s Energy Operating CondIt ions:
Requirements COP • 2 .8

1.0 Outside Temperature . 50° FV — 0.95 5 for 8 , 760 operat ing hr/yr
‘F — 0.4,9 111.0 for 4 ,360 operating hr/yr
V — 0.13 ~~~~ for 1,000 operating hr/yr

V — Electricity Req uired , thousand kwh/yr
I • Heat P t mp Ca pa city , thousand I tu /hr
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Figure
N~~~sr Operation , Pro ceM, sad Equat ime Reacribleg Resign Cssditieas , Aas.~~~t Lees and

Prus EPA Reergy Reqslre s*s Effluent Qua lity
435/9-71—OIl

5-36 Air he Air Heal P~~~a Coeetrmetiom Cost

lag P — — 0.1954 + 0.3 145 (log 5) + 0.1464 (log 30 2

— 0.0143 ( leg

P — Conetructias Csel , tho amd dollars
I — Neat P~~~ Cspedty, thousand Its/br

5— 33 *1, to Air Neat P~~~ s O~~l Labor Req uirements

leg P • -0.0711 + 0.5929 (leg 5) + 0. 1290 (log *3
2

— 0.6112 (leg

P — O A M L a S o r . hr/yr
I • Heat P~~~ Cmpacity, thousand It s/hr

5-21 Ut to Air Neat Pi~~~ Ib imtenasce Material Costs

leg P - 1.6960 + 0,4960 (log 5) + Q. OSA$ (log ~) 2

— 0.0072 (log 5) 3

P — Maistesesce Material , dollars/ yr
1 — Heat Pimg Capacity, thoua.nd It s/hr

5—37 Mr I. Air Neat Pimg Energy Requirements Operating Conditions:

• I i i  for 6,760 operating hr/yr 
~~~~. i.I

2’
~~llI.h..ra tu r , •

V • 0.53 1 • (or 4,360 operating kr /yr

P • S I )  ~ l.0 tsr 1,000 s,erat isg hr/yr

P — Elsctricisy Required, c h e d  kmb/yr
E • Nest P~~~ Capacity, theus~~~ ku/kr

_ _ _ _  i
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APPEND IX B

RAW WASTEWATER CHARACTERISTICS (Weaner et ala , 1978)

Concentration
Paraaeter ag/i, Except PH

Bioche.ical Oxygen Deaand 210
Suspended Solids 230
Phosphorus, as P 11
Total Kjeldahi Nitrogen, as N 30
Nitr ite plus Nitrate 0
Alkalinity, as CaCO3 300
pH 7.3

1 :  .
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APPENDIX C

SLUDGE CHARACTERISTICS (Weaner et al., 1978)

4
Sludge Solids Volatile

— . Total (lb /all gal) Solids Sludge
Sludge VolumeSolids ~WtType (wt Percent Percent (gal/mu

of Sludge) Total Volatile of Total 
gal)

— Solids Solids Solids)

Primary 5 1151 690 60 2,760
Primary + Fed 3 2 2510 1176 47 16,500
Primary + Low

Lime 5 4979 2243 45 11,940

Primary + High
Lime 7.5 9807 4370 45 15,680

Primary + W.A.S.8 2 2096 1446 69 12,565

Primary +
(WeA.Se+FeC13) 1.5 2685 1443 54 21,480
(Primary +FeCl3)
+ W.A.S. 1.8 3144 1676 53 20,960
W.A.S. leO 945 756 80 11,330
W.AeS.+FCC13 

1.0 1535 776 50 18,400
Digested Primary 8e0 806 345 43 1,210
Digested Primary
+ W.A.S. 4.0 1226 576 47 3,680

Digested Primary
+ W ,A5S. + FeC13 4.0 1817 599 33 5,455
Tertiary Alum 1 0  700 242 35 8,390
Tertiary High
Lime 4.5 8139 3219 40 21,690
Tertiary Low
Lime 3.0 3311 1301 39 13,235

5W.A.S. — Wasted activated 8ludge.

~~~~~~•
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